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ABSTRACT 
BIOCHEMICAL IDENTIFICATION AND BIOLOGICAL STUDIES OF 
THE ANOPHELES MACULATUS COMPLEX IN RELATION TO 
MALARIA INFECTION 
SEPTEMBER 1989 
PATTAMAPORN KITTAYAPONG, B.S., KHON KAEN UNIVERSITY 
M.S., MAHIDOL UNIVERSITY 
Ph. D. , UNIVERSITY OF MASSACHUSETTS 
Directed by: Professor John D. Edman 
Anopheles maculatus Theobald sensu lato was found to be 
a species complex consisting of six sibling species and two 
forms (E and F) . Current distribution suggests that form E 
is the principal vector of human malaria in southern 
Thailand. No data exist concerning the distribution and 
biology of form E southward from Thailand through peninsular 
Malaysia where this species is the main malaria vector. 
Individual, cytogenetically identified colony specimens 
of An. maculatus forms E and F were distinguished by gas 
chromatographic (GC) analysis of cuticular hydrocarbons in 
association with principal component analysis. Five marker 
peaks were identified by GC/mass spectrometry as free fatty 
acids and n-alkanes. 
A preliminary survey of An. maculatus forms was 
conducted at five locations in peninsular Malaysia by 
analysis of cuticular hydrocarbons. Results indicate that 
forms E and F coexist in peninsular Malaysia; form E 
ix 
predominates in the north and throughout the central region 
while form F predominates only in the south. 
Host preference and resting height of An. maculatus 
forms E and F were compared by simultaneous exposure with 
bovine and human hosts in an experimental hut. Form E was 
more anthropophilic when compared to form F. Blood meal 
analysis indicated little movement of either form between 
host rooms. Double feedings were found in four specimens of 
form E. There were no significant differences in resting 
height between forms. Both moved toward the highest level 
with the morning light. 
Body size and malaria infection were observed in host¬ 
seeking An. maculatus sensu stricto females collected in 
aboriginal villages of Malaysia. Wing length was used as an 
index for measuring body size. Both ELISA tests and 
dissection were used to determine malaria infection. Body 
size of parous females was significantly larger than that of 
nulliparous females. Body size differences were also 
detected between infected parous and uninfected nulliparous 
but not between infected parous and uninfected parous 
cohorts. Body size of females infected with oocysts was 
significantly larger than that of females infected with both 
oocysts and sporozoites or sporozoites alone. No 
correlation between number of oocysts or sporozoites and 
body size was evident. 
x 
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CHAPTER I 
INTRODUCTION 
Scientific Background 
Anopheles maculatus Theobald sensu lato has long been 
recognized as one of the most important human malaria 
vectors in Southeast Asia. Although widely distributed, it 
was incriminated as the primary vector only in peninsular 
Malaysia, southern Thailand and a few parts of the 
Indonesian Island of Sumatra (Coveil 1944, Colless 1948, 
Hodgkin 1956, Wharton et al. 1963). Because of disparity in 
its role as a vector from one area to the next, Gould et al. 
(1966) and Reid (1970) suggested that An. maculatus s.l. 
might be a species complex with members that, though often 
morphologically indistinguishable, differ in their vectorial 
capacity. 
Christophers (1931, 1933) examined variation among 
adult An. maculatus s.l. and described two distinct forms 
along the Himalayas. The dominant form in the foothills, 
An. maculatus var. pseudowillmori, had no scales on the 
dorsum. In contrast, the dominant form at higher 
elevations, An. maculatus var. willmori, had broad white 
scales covering the dorsum. No other differences between 
the two forms in the adult, pupal (Crawford 1938), larval 
1 
(Puri 1931) or egg stage could be found. Reid et al. (1966) 
and Reid (1968) concluded that An. maculatus s.l. was a 
variable species and suggested that intraspecific 
polymorphism occurs in some parts of its distribution, with 
clearly defined areas of contact in the northern Indian 
subregion. 
In recent years, cytogenetic techniques have been 
applied to identify field specimens of the An. maculatus 
complex in Thailand. Six genetic species have been 
recognized by differences in the chromosomal rearrangements 
of ovarian polytene chromosomes. They were informally 
designated as species A, B, C (Green 1982, Green et al. 
1985), G (Green and Baimai 1984), H and I (Green et al. 
unpublished data). Cytogenetic evidence from Green et 
al.(1985) also indicated that An. maculatus sensu stricto 
(species B) might still represent more than one entity. 
They found consistent chromosomal variations within An. 
maculatus s.s. and split out two chromosomal forms (E and F) 
based on differences in the paracentric inversion 
frequencies in the X chromosome and chromosome arm 2. The 
status of these forms remains unresolved; they are still 
formally recognized as An. maculatus s.s. Based on 
chromosomal identification of wild-caught females, only form 
E was found in the southern part of Thailand bordering 
peninsular Malaysia where An. maculatus s.l. was 
incriminated as the principal vector of malaria. Form F and 
other members of the maculatus complex coexist in central 
2 
and northern Thailand where it is not considered an 
important vector. Rattanarithikul and Green (1986) formally 
recognized and described six sibling species of the An. 
maculatus complex based on an extensive morphological study 
of progeny broods from cytogenetically confirmed wild—caught 
females of each species. These six species were named An. 
maculatus s.s. (species B, including forms E and F) , An. 
pseudowillmori (species I), An. willmori (species H), An. 
sawadwongporni new species (species A) , An. nontanandal new 
species (species G) and An. dravidicus (species C). 
In peninsular Malaysia, Polunin (1953) examined medical 
problems among the aborigines inhabiting hill-forests in 
Pahang, Perak and Selangor. A few year later. An. maculatus 
s.l. was incriminated as a malaria vector in the Kepong 
forest reserve, Salangor (Davidson and Ganapathipillai 
1956). Wharton et al. (1963) surveyed the distribution and 
transmission of malaria among Malayan aborigines. They 
found that malaria was widespread among aborigines in 
Selangor and Pahang with high infection rates in the inland 
hills where An. maculatus s.l. was the main vector. Chooi 
(1985) recently evaluated the status of malaria vectors 
including An. maculatus s.l. in Malaysia. 
Identification of specimens from an old colony of An. 
maculatus s.l. established at the Institute for Medical 
Research (IMR) in Kuala Lumpur indicated that all were form 
E (Green et al. 1985). Based on the bionomic studies of the 
An. maculatus complex in Thailand, form E appeared to be 
3 
more anthropophilic when compared with other members 
(Upatham et al. 1988). Therefore, it was postulated that: 
1) Form E may be the only important malaria vector in the 
An. maculatus complex, 2) The distribution of form E may 
extend from southern Thailand throughout peninsular 
Malaysia. 
To date, there are no supporting data for this 
supposition although it is useful in planning for malaria 
control programs. The main reasons are 3-fold: 1) lack of a 
simple method for identification of field specimens; the 
only method available to identify An. maculatus form E 
involves the polytene chromosomes from ovaries of half- 
gravid adult females, 2) lack of a standardized method for 
accurate evaluation of host preferences and other behaviors, 
3) no research on the complex has been carried out in 
peninsular Malaysia where An. maculatus s.l. is apparently 
the primary vector of human malaria in all cultivated hilly 
areas (Reid et al. 1966, Reid 1968). Hence, there are no 
field data for the complex to make comparisons between 
regions where An. maculatus s.l. is considered an important 
vector and regions where it is not. 
Objectives 
The objectives of this research work were planned to 
address two main questions. The first question was whether 
there was an alternative method for identification within 
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the An. maculatus complex that could be applied to field 
specimens. The second question was whether there were 
significant behavioral and morphometric differences within 
the group which related to their putative roles in malaria 
transmission. 
Specific objectives designed to answer these questions 
were as follows: 
Objective 1: To distinguish between An. maculatus forms E 
and F by gas chromatography (GC) and gas 
chromatography/mass spectometry (GC/MS) methods for 
recognizing specific cuticular hydrocarbon patterns. 
Objective 2: To determine which forms of the An. maculatus 
complex are present in peninsular Malaysia using GC 
analysis of cuticular hydrocarbons. 
Objective 3: To compare host preferences and resting height 
of An. maculatus forms E and F when simultaneously 
exposed with human and bovid hosts in a modified 
experimental hut. 
Objective 4: To determine whether there is any correlation 
between body size of An. maculatus s.s. females and 
malaria infection at highly endemic aboriginal (orang 
asli) villages in northern peninsular Malaysia. 
5 
CHAPTER II 
LITERATURE REVIEW 
Identification of Species_Complexes 
General Methods 
A species complex is a group of closely-related species 
or sibling species that, though often morphologically 
indistinguishable, are genetically differentiated and 
reproductively isolated (Mayr 1963). Many mosquitoes of 
medical importance such as Culex pipiens, Aedes aegypti and 
Anopheles gambiae are well-known as examples of species 
complexes. There are several newly recognized species 
complexes among Anopheles malaria vectors in tropical Asia, 
i.e. An. culicifacies, An. dirus, An. maculatus and An. 
minimus complexes. This may be the result of rapid 
environmental changes caused by human activity and intensive 
malaria control programs. 
Newly evolved species of mosquitoes are more difficult 
to identify by classical morphological characters. More and 
more of these species have been detected through differences 
in their chromosomes. Chromosomal techniques require 
special skills and are not always practical in the field. 
Consequently, efforts have been made to find alternative yet 
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reliable techniques that can efficiently separate sibling 
species. The fact that there is variation in vectorial 
capacity among certain sibling species groups accelerates 
the need to find good separation techniques. 
Advanced biochemical techniques are among the most 
popular means that have been used for identification. 
Hawkes (1968), Wright (1974), Bisby et al. (1980), Ferguson 
(1980), Oxford and Rollinson (1983), Berlocher (1984) have 
reviewed this literature. There are three widely used 
techniques that have proven valuable in identifying species 
complexes: 1) isoenzyme electrophoresis, 2) gas 
chromatography (GC) or gas-liquid chromatography (GLC) and 
gas chromatography/mass spectrometry (GC/MS) of cuticular 
hydrocarbons, and 3) DNA-DNA hybridization using cloned DNA 
sequences and studies of ribosomal and mitochondrial DNA. 
Many literature reviews point out the value of enzymes 
as taxonomic characters (Avise 1974, Furguson 1980, Ayala 
1983, Bullini 1983). However, the major disadvantage of 
enzyme electrophoresis as an identification technique is the 
requirement for immediate deep freezing of field specimens 
which makes it inconvenient for use in remote and 
undeveloped areas. The use of DNA for taxonomic purposes is 
reviewed by Dover (1980) and Flavell (1982). In general, 
the DNA sequences which are used for identification of 
species complex need to show species specific variation in 
copy number. The use of DNA probes requires radioactive 
reagents and probes which are not always available. Gas 
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chromatographic and GC/MS analysis of cuticular hydrocarbons 
shows great potential in solving identification problems 
within a species complex. The limitation of GC and GC/MS 
techniques are the reliance on prior identification by other 
techniques. However, after the marker chromatographic peaks 
for identification are obtained, unknown specimens can be 
identified by GC analysis alone. 
Cuticular Lipids of Insects 
Cuticular waxy substances have two main functions: 1) 
to protect insects against dessication since their 
waterproofing properties minimize cuticular transpiration 
(Beament 1961, Ebeling 1974, Lockey 1976), and 2) as sex 
attractants or pheromones in chemical communication (Carlson 
et al. 1971, Jones et al. 1971, Jackson and Blomquist 1976, 
Nelson 1978). 
The chemistry of insect cuticular lipids was studied by 
Jackson and Baker (1970), Jackson and Blomquist (1976), 
Blomquist and Jackson (1979), and Howard and Blomquist 
(1982). The composition of insect cuticular hydrocarbons 
was reviewed by Lockey (1980) . Cuticular hydrocarbons are a 
mixture of compounds, e.g. n-alkanes, unsaturated 
hydrocarbons, terminally branched monomethylalkanes, and 
internally branched monomethyl-, dimethyl-, 
trimethylalkanes. 
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Studies of hydrocarbons have been carried out with many 
medical important insects including cockroaches (Baker et 
al. 1963, Gilby and Cox 1963, Nelson 1969, Tartivita and 
Jackson 1970, Jackson 1970, 1972), flesh flies (Jackson et 
al. 1974), house flies (Louloudes et al. 1962, Carlson et 
al. 1971, Carlson and Beroza 1973, Uebel et al. 1977, Uebel 
et al. 1978a,b, Nelson et al. 1981), stable flies (Harris et 
al. 1976, Carlson and Mackley 1985), and tsetse flies 
(Carlson et al. 1978, McDowell et al. 1981, Carlson et al. 
1984, Nelson and Carlson 1986, Nelson et al. 1988). 
Species Identification bv GC Analysis 
The use of extracted and analyzed cuticular 
hydrocarbons for species identification of mosquitoes 
originated with Carlson and Service (1979). Due to the 
limitations of available techniques in the identification of 
the important An. gambiae complex, both male and female An. 
gambiae s.s. and An. arabiensis were distinguished by gas 
chromatograms of their cuticular hydrocarbons. Analysis of 
laboratory colonies of these mosquitoes showed that 
cuticular hydrocarbons were composed mainly of unbranched 
paraffins in the range of 21-33 carbons. In this 
preliminary work, they concluded that cuticular hydrocarbons 
were potentially useful as a method for species 
identification. Results of their second investigation 
(Carlson and Service 1980) were consistent with their 
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previous findings. Three pairs of large carbon paraffin 
peaks were used as markers for differentiation between An. 
gambiae s.s. and An. arabiensis females. They considered 
this technique useful for identification of field or old 
pinned specimens since the cuticular hydrocarbons are 
chemically stable. Later, Hamilton and Service (1983) 
investigated the possibility of using cuticular and internal 
hydrocarbons to identify larvae of An. gambiae, An. 
arabiensis and An. melas. They showed quantitative 
differences in the GC profiles of cuticular and internal 
lipids extracted from fourth instar larvae of this complex. 
In addition, they concluded that this technique could 
separate single larva as well as small groups of larvae. 
Miller and Novak (1985) found differences in the cuticular 
lipids in four strains of adult female Ae. aegypti when 
analyzed by both gas-liquid and thin layer chromatography. 
Differences between strains were also found when total 
lipids were divided into neutral and phospholipid classes. 
Moreover, they reported that palmitic acid (C16:0) and oleic 
acid (C18:0) were the major saturated and unsaturated fatty 
acids, respectively. They suggested that biochemical 
variation in the lipids of different populations might be a 
factor influencing susceptibility to dengue and yellow fever 
virus. 
Carlson and Walsh (1981) reported on the identification 
of two West African black flies, S. sirbanum and S. 
squamosum of the Simulium damnosum complex by analysis of 
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cuticular paraffins. They found five marker peaks in the 
chromatograms that were significantly different between both 
species. Phillips et al. (1985) quantitatively separated 
both males and females of four members of the Simulium 
damnosum complex by their cuticular hydrocarbons. In 
particular, they were able to distinguish S. sirbanum and S. 
damnosum s.s., the most important vectors of onchocerciasis. 
Identification of hydrocarbon components by GC/MS showed 
that they were straight chain and branched saturated 
hydrocarbons ranging from 22 to 35 carbons in length. 
McDaniel et al. (1984) first identified and evaluated 
cuticular hydrocarbons from sting apparatus and sting shaft 
of Apis mellifera as possible chemotaxonomic characters. 
Carlson and Bolten (1984) were able to differentiate 
Africanized and European honey bees by hydrocarbon extracts. 
Advanced gas-liquid chromatography, in association with 
cluster and discriminant analysis, were used by Phillips et 
al. (1985) in their studies with Simulium. The same 
technique was used to identify Psychodopygus wellcomei and 
P. complexus, two vectors of cutaneous leishmaniasis (Ryan 
et al. 1986) , three members of the An. culicifaces complex, 
a malaria vector in tropical Asia (Milligan et al. 1986), 
and two populations of Phlebotomus ariasi in a leishmaniasis 
focus in southern France (Kamhawi et al. 1987) . Lavine and 
Carlson (1987) successfully applied principal components 
analysis to gas chromatographic data to evaluate the 
separation of Africanized and European honey bees. 
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Host Preference Comparison 
Knowledge of mosquito host preferences is essential for 
understanding host-vector relationships and establishing 
roles in disease transmission. Host preference was defined 
by Boreham and Garrett-Jones (1973) as the "choice of a 
particular vertebrate host as a food source rather than 
other species equally available." There are basically 3 
techniques used in examining host preference: 1) blood meal 
identification, 2) human vs animal baits, and 3) laboratory 
olfactometer and choice tests. 
Blood Meal Identification 
Weitz (1956, 1960) reviewed the feeding habits of 
blood-sucking arthropods, including mosquitoes. Host¬ 
feeding patterns by blood meal analysis prior to 1974 was 
reviewed by Tempelis (1970, 1975). Boreham (1975) presented 
a brief review of current techniques for arthropod blood 
meal identification and their value in the epidemiology of 
vector-borne tropical diseases. Garrett-Jones et al. (1980) 
reviewed the feeding habits of anophelines collected from 
1971 to 1978 with reference to human blood index. Washino 
and Tempelis (1983) reviewed mosquito host blood meal 
identification with emphasis on methodology and data 
analysis. 
The precipitin test is the most widely used and the 
most practical serological method for identifying mosquito 
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blood meals of human or other animal origin. There are 5 
different precipitin techniques that have been used to 
identify blood meals: 1) ring test (Weitz I960, Boreham 
1972), 2) flocculation in capillary tubes (Tempelis and Lofy 
1963, Edman 1971), 3) agar gel double diffusion (Crans 1969, 
Collins et al. 1986, Collins and Bang 1988), 4) gel surface 
precipitation (Eliason 1971), and 5) precipitation in 
microplates (Tesh et al. 1971). 
Other serological methods are: 1) fluorescent antibody 
technique (FA) (McKinney et al. 1972), 2) passive 
haemagglutination inhibition technique (PHI) (Weitz 1963, 
Tempelis and Rodrick 1972, Boreham 1975), 3) latex 
agglutination test (Boorman et al. 1977), 4) enzyme-linked 
immunosorbent assay (ELISA) (Burkot et al. 1981, Edrissian 
and Hafizi 1982, Beier et al. 1988), and 5) counter current 
immunoelectrophoresis (CCIE) (Bray et al. 1984). 
King and Bull (1923) were the first investigators to 
use serological tests to investigate mosquito host 
preferences. They reported the significant relationship of 
An. quadrimaculatus as the principal vector of malaria in 
the southern United States. In 1955, the World Health 
Organization (WHO), in collaboration with the Lister 
Institute of Preventive Medicine in Elstree, England, set up 
a precipitin test service to investigate blood-feeding 
habits of Anopheles mosquitoes world wide. The first 
precipitin test results of 51 species collected from 1955 to 
1959 were published by the WHO and the Lister Institute 
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(1960). However, these results could not be compared 
because of sampling differences. Since 1959, all specimens 
were screened before submission to the Lister Institute. 
Garrett-Jones (1964) reported further precipitin test 
results and discussed the sampling problem in relation to 
areas sprayed with insecticide. Bruce-Chwatt et al. (1966) 
presented a summary of precipitin test results for 79 
species carried out from mid-1959 to the end of 1964. In 
addition, he combined the data from 1955 to 1964 for 92 
Anopheles species or complexes. 
Using precipitin data, an attempt was made to establish 
an anthropophilic index, called the "human blood index", for 
a particular malaria vector (Garrett-Jones 1964). The HBI 
was defined as "the proportion of freshly fed Anopheles 
found to contain human blood." Later, the "forage ratio" 
was introduced by Hess et al. (1968) to separate between 
preferential and opportunistic feeding patterns of 
mosquitoes. It was defined as "the percent of engorged 
mosquitoes which have fed upon a given vertebrate host 
divided by the percent which it comprises of the total 
population of hosts in the habitat." The forage ratio 
concept, developed to assess the feeding preferences of 
trout, has many deficiencies which were discussed in detail 
by Edman (1971). Kay et al. (1979) proposed the "feeding 
index" which was defined as "the proportion of feeds on one 
host with respect to another divided by the expected 
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comparative proportion of feeds on those 2 hosts based on 
several factors which affect feeding." 
Results from blood meal identification of mosquito 
species may not reflect true host preferences due to bias in 
the field sampling of test specimens. The dominant, large 
vertebrate host present within the collection site is 
usually the most common blood source. Identification of 
blood meals from engorged mosquitoes found in natural 
resting places is one method to avoid this sampling bias. 
Unfortunately, the outdoor resting behavior of most 
Anopheles is not well known. 
Human or Animal Baits 
A natural host is the most effective attractant for 
host-seeking female mosquitoes (Hocking 1971). Service 
(1976) reviewed different methods of human and animal bait 
catches and bait traps designed for collecting mosquitoes in 
the field. He divided them into six different categories: 
1) human bait catches, 2) animal bait catches, 3) bed-nets 
4) stable traps, 5) exit and entry traps fitted to huts, and 
6) trap huts. Host preference is determined by the relative 
number of mosquitoes attracted to different bait hosts. 
Service (1964) compared the attraction of mosquitoes to 
several different kinds of animal baits, i.e. sheep, goat, 
pig, monkey, horse, cow and chickens. 
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In peninsular Malaysia, Wharton (1951) used two window- 
trap huts to study host preferences of An. maculatus s.l. 
He found that this species was slightly more attracted to a 
hut with one calf than to a hut with two men. Net traps 
were introduced into Malaya by Gater (1935) and were used by 
Reid (1961) to study attraction of mosquitoes to human or 
animal baits. He used comparative trapping procedures to 
study mosquito attraction. The method compares the number 
of mosquitoes attracted to man, calf or goat baits placed 
inside different net traps under the same conditions. The 
attraction ratio was calculated for each species. In the 
case of An. maculatus s.l., the man:calf ratio was 1:1.3. 
Olfactometer and Host Choices 
Comparison of host preference in the field is difficult 
and not always accurate due to variation in environmental 
conditions from one area to the next. Many authors have 
described different kinds of laboratory methods to compare 
the host preferences of mosquitoes. Daykin and Kellogg 
(1965) described a vertical two-air stream observation 
chamber designed for studying the response of flying insects 
at the boundary between two microclimates. Gouck and 
Schreck (1965) developed a horizontal multi-port forced-air 
olfactometer for use in studying mosquito attraction to 
chemical attractants and human arms. Khan et al. (1966) 
described a simple single-port passive airflow model to 
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observe the effect of stimuli on the approach of Ae. 
aegypti. Mayer and James (1969) constructed the horizontal 
multi-port forced-air olfactometer, based on wind tunnel 
design, to study the attraction of Ae. aegypti when exposed 
to human arms, carbon dioxide and air currents. Gouck 
(1972) developed a horizontal multi—port olfactometer that 
could be used to determine host preference of Stegomyia 
mosquitoes. In his experiment, he compared different 
strains of Ae. aegypti to different kinds of animal hosts 
and human hands. Bar-Zeev et al. (1977) used a vertical 
multi-port olfactometer to study the attraction of Ae. 
aegypti to human carbon dioxide, relative humidity and 
moisture. Omer (1979) used the same design as Mayer and 
James (1969) to study the attraction of An. arabiensis and 
Cx. pipiens fatigans. Feinsod and Spielman (1979) designed 
a simple, single—port passive airflow olfactometer for 
measuring the host-seeking response of female Ae. aegypti. 
Price et al. (1979) used the horizontal multi-port forced- 
air olfactometer to study the attraction of An. 
quadrimaculatus. The main limitation of olfactometers is 
that large-sized hosts cannot be compared and many mosquito 
species will not perform in them. 
Mclver (1968) developed an experimental cage to study 
the host preferences of Ae. aegypti and Cx. tarsalis in the 
laboratory. With the use of this cage and sticky traps, she 
found that Ae. aegypti always preferred mice to chicks while 
Cx. tarsalis preferred chicks only when their weight was 
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double that of the mice. She also reported that Ae. aegypti 
was not attracted to cold-blooded animals while Cx. tarsalis 
was attracted. 
An experimental hut was used by Gillies (1964) to study 
selection for host preference in the An. gambiae complex. 
The idea was adopted from the unpublished work of 
Hadjinicolaou, in southern Rhodesia, who found consistent 
differences in host preferences between two strains of the 
An. gambiae complex when they were released simultaneously 
in a large mosquito net containing human and calf baits. 
Gillies' experimental hut, made of mud and thatch, had two 
partly communicating bait rooms with a narrow releasing 
section in the middle. From the experiment, he concluded 
that: 1) host preference of both strains varied in the same 
direction from one test to the next which revealed the 
importance of external factors such as temperature and wind 
direction, 2) genetic factors had less effect than external 
factors, and 3) change in host preference could be seen in a 
few generations following laboratory selection. In the 
first series of experiments, reported in his second paper, 
Gillies (1967) modified a room in a building into one 
compartment. In the second series of experiments, he used 
three compartments with movable screened doors . Two 
opposite compartments were used as bait rooms and the 
central section was used as a mosquito releasing section. 
This experiment showed that the two strains of the An. 
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gambiae complex displayed consistent differences in host 
preference. 
Body Size and Vector Potential 
Criteria for Measuring Body Size 
In the older literature, body weight was usually 
considered the only accurate index for assessing the body 
size of adult mosquitoes. Roy (1936) published the first 
data on variation of body weight of adult Ae» aegypti reared 
under different conditions. He observed that the body 
weight of unfed females was considerably reduced during the 
first two days after emergence. Christophers (1960) also 
pointed to the fact that body weight could be highly 
variable depending on: 1) life history differences among 
immatures, 2) age, 3) gonotrophic status, and 4) feeding 
condition of the adults. He suggested wing length as an 
alternative index for estimating the body size of adult 
mosquitoes. The following reasons for using wing length as 
an index for body size were offered: 1) high positive 
correlation between wing length and dry body weight under 
normal condition, 2) wings are relatively large and easy to 
measure, and 3) wing length is relatively constant 
throughout adult life. 
Many reports show that environmental factors associated 
with the developmental site play an important role in 
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determining the length of adult wings. Hosoi (1954) , 
working with Cx. pipiens, demonstrated the disproportion 
between wing length and dry body weight when developmental 
temperatures are at both extremes. He noted that the wings 
of emerged adult were disproportionally long at low 
temperature and disproportionally short at high temperature. 
Marks (1954) reported the same phenomenon with Ae. 
pseudoscutellatis. He found that adult body size decreased 
with increasing salinity. Van den Heuvel (1963) carried out 
experiments on the effect of larval rearing temperature on 
the body proportion of adult Ae. aegyptl. He found a linear 
relationship between dry weight and wing, thorax and leg 
length but a discorrelation was detected in the wing and leg 
length when larvae were reared at abnormally high or low 
temperatures. He proposed thorax length as an index for 
recording mosquito body size since it changed proportionate 
with dry body weight. However, he demonstrated that wing 
length varied with temperature in a linear manner while 
thorax length did not. This observation lead people to 
question whether body weight was an accurate index of body 
size. Reisen and Emory (1977) reported the effect of 
antibiotics in the breeding water and larval crowding on the 
body size of An. stephensi. They found that the body size 
of this mosquito was smaller at crowded densities and the 
body size of emerging adults increased significantly when an 
antibiotic was added. The latter results were consistent 
with those of Bar-Zeev (1957). Recently, Reisen et al. 
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(1984) demonstrated that adult body size of Cx. tarsalis was 
positively correlated with survivorship and negatively 
correlated with increasing developmental temperature and 
larval nutrition. 
Recent publications dealing with the body size of adult 
mosquitoes have all used wing length as the index for body 
size (Baqar et al. 1980, Haramis 1983, Grimstad and Haramis 
1984, Haramis 1985, Nasci 1986a,b, 1987, Walker et al. 1987, 
Landry et al. 1988, Nasci 1988). 
Effect of Body Size on Vectorial Capacity 
Body size of adult female mosquitoes can affect vector 
potential either directly or indirectly. Indirectly, it may 
affect the ability of the mosquito vector to survive and 
contact multiple hosts. Directly, it may affect the 
infection, development or transmission rate of the parasite 
within the mosquito vector. The indirect effect of mosquito 
body size on vector potential involves: 1) energy reserves 
available for survival and dispersal at emergence, 2) blood 
feeding interval and blood feeding success, and 3) fecundity 
and longevity. 
The importance of body size and energy reserves at 
emergence was first highlighted by Nayar (1968, 1969) in his 
studies on the effect of larval and pupal environmental 
factors on adult Cx. nigripalpus and Ae. taeniorhynchus at 
emergence. He showed that the survival of starved, newly- 
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emerged mosquitoes without further feeding directly depended 
on lipid levels at emergence. Nayar and Sauerman (1970), 
working with 11 species of Florida mosquito, found that the 
adult characteristics at emergence were distinctly species 
specific under varying larval conditions and that small 
mosquitoes store less nutrient than larger ones. Nayar and 
Pierce (1977), studied the utilization of energy reserves 
after emergence in Cx. nigripalpus, Ae. taeniorhynchus and 
Wyomyia medioalbipes. They found that triglyceride reserves 
were utilized primarily for survival and the rate of 
utilization decreased with age. Additionally, they reported 
that both mean energy reserves at emergence and 50% survival 
time were lower in groups with a deprived larval diet. From 
these studies, it is concluded that the survival and 
dispersal ability of newly emerged adult mosquitoes depends 
on the amount of lipid and glycogen reserves at emergence. 
This idea was supported by the findings that both lipid and 
glycogen disappeared during the first few days after starved 
Cx. pipiens emerged (Clements 1956), and the rate of 
disappearance of these reserves in starved female Ae. 
sollicitans was proportional to the amount present (Van 
Handel 1965). In addition, it was found that glycogen is 
the energy source for flight in mosquitoes (Clements 1955, 
Nayar and Van Handel 1971). 
Feeding habit is one of the most important factors in 
disease transmission. It is involved in the suggestion that 
double feeding, especially during the first gonotrophic 
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cycle, is a response to inadequate larval diet (McClelland 
and Conway 1971, Feinsod and Spielman 1979). Many older 
publications indicate that some female mosquitoes may feed 
twice durinq the first gonotrophic cycle (Breeland and 
Pickard 1964, Hocking and Maclnnes 1948, Sommerman 1969). 
Edman et al. (1975) showed that 70% of partially engorged 
Cx. nigripalpus females attempted to refeed within an hour. 
Moreover, they also found that egg development in mosquitoes 
which obtained one-half or less of a complete blood meal was 
not initiated until additional blood was ingested. In the 
field, Magnarelli (1977) demonstrated that 4.9% of southern 
Connecticut mosquitoes attracted to human bait already 
contained small amounts of vertebrate blood. The same 
result was found in 1.5% of Cx. tarsalis in Colorado that 
were attracted to chicken-baited traps (Mitchell and Millian 
1981). Klowden and Lea (1978) examined the effect of 
ingested blood on the host-seeking response of two strains 
of Ae. aegypti in the laboratory and reported the threshold 
meal size that would inhibit the mosquito from further host 
seeking and refeeding. Mosquitoes of small body size 
resulting from low larval nutrition had lower threshold meal 
size and tended to stop host-seeking after a small blood 
meal. Mitchell et al. (1979) showed that Cx. pipiens 
pipiens could acquire and transmit St. Louis encephalitis 
(SLE) virus by feeding twice during a single gonotrophic 
cycle. Feinsod and Spielman (1980) reported that the 
follicle size of females from non-crowded larval condition 
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were larger than those from crowded condition. The 
follicles of small starved mosquitoes were incapable of 
accumulating ovarian yolk after one blood meal but they 
could develop yolk if a sucrose meal was provided. Based on 
field examination of the follicle size of Ae. aegypti on 
Grand Bahama Island, they suggested that mosquitoes in 
nature might require two blood meals before egg maturation, 
but that other sources of nutrients available could 
compensate for the second blood meal. Nasci (1986a,b) 
showed that small field Ae. aegypti had reduced blood 
feeding success when compared to larger females since the 
average body size of emerging females was significantly 
smaller than host-seeking females. However, he found no 
significant differences in body size among resting and host¬ 
seeking populations of Psorophora columbiae, Ae. atlanticus, 
Ae. vexans and Cx. salinarius. In addition, Nasci (1988) 
found significant differences in body size between emerging 
and host-seeking populations of Ae. triseriatus developing 
in tire dump located in western Louisiana. He concluded 
that body size differences were related to blood-feeding 
success in this species. 
Regarding the correlation of body size with fecundity 
and longevity, many authors found that decreasing body size 
of adult female mosquitoes tended to correlate with 
decreases in both fecundity and longevity. McCombs (1980) 
investigated the effect of larval nutrition on the adult 
fitness of Ae. triseriatus. She found that both longevity 
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and fecundity increased with the mean body size of adult 
mosquitoes as regulated by larval diet. Bock and Milby 
(1981) found a positive correlation between body size and 
the egg raft size of Cx. tarsalis in the field. Haramis 
(1983, 1985) studied the relationship between female body 
size and the parity of Ae. triseriatus in the field. He 
reported higher parity rates in the larger size class of 
this mosquito which indicated greater survival or blood- 
feeding success with increasing body size. In addition, he 
demonstrated that small female Ae. triseriatus had reduced 
fecundity and survival in the laboratory and consequently a 
reduced chance of completing their gonotrophic cycle in the 
field. Hawley (1985) reported a positive correlation 
between body size and longevity of adult Ae. sierrensis in 
the field. Moreover, he noted that larger males were active 
over a wider range of temperatures. This might enhance the 
opportunity for mating. However, he pointed out that male 
fitness was more affected by intraspecific competition and 
the timing of emergence than by body size. Early emerged, 
small males could mate with large and highly fecund females. 
Patrican and DeFoliart (1985) reported that small female Ae. 
triseriatus had reduced fecundity and produced only 85% as 
many eggs per gonotrophic cycle as large females. Reisen et 
al. (1984) found that the survivorship of Cx. tarsalis in 
the laboratory increased with increasing body size. Nasci 
(1986a,b, 1988) found significant differences in the mean 
body size of parous vs nulliparous host-seeking females of 
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Ae. aegypti, Ae. vexans, Ae. triseriatus and Cx. salinanus. 
Parous females were larger which suggested that large 
mosquitoes had increased longevity in the field. 
Furthermore, Nasci (1987) reported a higher percentage of 
parous females in the largest size class in An. crucians and 
Ae. taeniorhynchus but not in Ae. sollicitans. In contrast. 
Walker et al. (1987) studied the ecology of two sibling 
species, Ae. triseriatus and Ae. hendersoni, using mark- 
release/recapture methods. They found that body size had no 
effect on the survivorship of either species. However, the 
smaller size classes were not included in this study due to 
difficulties in mass rearing. 
Effect of Bodv Size on Vector Competence 
The direct impact of body size on vector competence has 
recently been investigated. Takahashi (1976) demonstrated 
that, after a short extrinsic incubation period, small adult 
Ae. taeniorhynchus, originating from a low larval diet in 
the laboratory, secreted Japanese encephalitis (JE) virus in 
their saliva at a higher rate than normal females. Baqar et 
al. (1980) investigated the effect of larval rearing 
conditions on the body size and susceptibility of Cx. 
tritaeniorhynchus to infection with West Nile (WN) virus. 
They reported different infection rates among three 
different size classes of this mosquito; susceptibility 
tended to increase as larval diet and adult body size 
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decreased. However, the differences were not statistically 
significant. They noted that larval crowding significantly 
affected infection rate; susceptibility increased at low or 
high larval densities as compared to medium densities but 
body size differences were not detected. Moreover, they 
found that susceptibility to WN virus of females increased 
with increasing age. Grimstad and Haramis (1984) showed 
that the rate of oral transmission of La Crosse (LAC) virus 
was enhanced in nutritionally induced small females of two 
strains of Ae. triseriatus. They found that small 
mosguitoes had higher mean titers of virus when adjusted for 
their dry body weight. It was concluded that enhanced oral 
transmission was related not only to higher viral dosage but 
also to lower physiological resistance to infection in small 
females. Patrican and DeFoliart (1985) demonstrated higher 
transovarial transmission rates in small Ae. triseriatus 
mosquitoes. 
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CHAPTER III 
CUTICULAR HYDROCARBON DIFFERENCES BETWEEN 
VECTOR AND NON-VECTOR FORMS OF THE 
ANOPHELES MACULATUS COMPLEX 
Introduction 
Despite its wide distribution throughout tropical Asia, 
Anopheles maculatus Theobald sensu lato is considered the 
primary human malaria vector only in peninsular Malaysia, 
southern Thailand and a few parts of the Indonesian Island 
of Sumatra (Coveil 1944, Colless 1948, Hodgkin 1956, Wharton 
et al. 1963). It has recently been established, by both 
chromosomal and morphological evidence, to be a species 
complex consisting of at least six species: An. maculatus 
sensu stricto, An. pseudowlllmorl, An. willmori, An. 
sawadwongporni (new species), An. notanandl (new species) 
and An. dravidicus (Green and Baimai 1984, Green et al. 
1985, Rattanarithikul and Green 1986). Moreover, An. 
maculatus s.s. was suspected to represent yet another 
complex and had already been further differentiated into two 
chromosomal forms, i.e. forms E and F, based on consistent 
differences in their inversion frequencies (Green et al. 
1985). So far, only form E has been found in the southern 
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part of Thailand, where it was incriminated as the malaria 
vector. Form F was found in the upper part of Thailand 
(Green et al. 1985, Upatham et al. 1988). According to 
evidence on malaria transmission and the known distribution 
of these two forms and their sibling species, it has been 
postulated that form E is the only important malaria vector 
in the An. maculatus complex. 
Anopheles maculatus forms E and F have not been studied 
in other parts of their distribution. One of the major 
reasons for this stems from difficulties in identification 
within the An. maculatus s.s. group. The only accurate 
method available to separate these forms is by reading the 
ovarian nurse cell polytene chromosomes from half-gravid 
adult female mosquitoes. The technique requires freezing of 
specimens in the field and skill in pulling out half-gravid 
ovaries. In addition, suitable chromosome preparations and 
special interpretive skills are needed in order to obtain a 
high percentage of correct identification. Another 
disadvantage of this technique is that the routine field 
checking of mosquitoes for parity cannot be done at the same 
time since the trachioles in nulliparous half-gravid female 
would be stretched and incorrectly recorded as parous 
(Upatham et al. 1988). 
The objective of the present study was to investigate 
the possibility of using gas chromatographic (GC) analysis 
of cuticular hydrocarbons in association with principal 
component analysis as an alternative method to separate the 
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vector form E from the non-vector form F of the An. 
maculatus complex. Similar methodology has been used 
successfully as an alternative technique for identification 
of mosquitoes such as the An. gamblae complex in Africa 
(Carlson and Service 1979, 1980, Hamilton and Service 1983) 
and the An. culicifacies complex in Asia (Milligan et al. 
1986) . The advantage of GC technique is its sensitivity in 
detecting differences in single specimens or even fragments 
of specimens, so that damaged and even old, dried specimens 
can be accurately identified. 
Materials and Methods 
Specimens 
Specimens of An. maculatus forms E and F were 
desiccated adult females obtained from the Department of 
Medical Entomology, the Armed Forces Research Institute of 
Medical Sciences (AFRIMS), Bangkok, Thailand. All specimens 
were laboratory-reared progeny of field collected 
individuals. The wild-caught female mothers were collected 
in 1986 from the following localities: An. maculatus form E, 
Ban Songpraek, Mu Song, Tambon Songpraek, Amphur Muang, 
Phang-nga, southern Thailand; An. maculatus form F, Ban Moh 
Mai Khaen, Mu Si, Tambon Canton, Amphur Pakchong, Nakorn 
Ratchasima, northeastern Thailand. Female mothers of both 
forms were identified by reading the specific banding 
sequence of the ovarian nurse cell polytene chromosomes 
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after producing eggs (Green and Hunt 1980, Green et al. 
1985). 
Laboratory-reared adult females of both forms were 
killed by freezing. Each specimen was then placed 
individually into a dry 1/4 dram screw-top glass vial. 
Sample Preparation 
Individual dried specimens were weighed with a 
CAHN/Ventron electronic balance model CAHN27 (Caley & 
Whitmore Corp., Somerville, MA), and their wing length 
measured (Haramis 1983) before extraction. Cuticular wax 
from each specimen was extracted for 10 min. in a 2 ml 
reacti-glass vial (Supelco Co., Bellefonte, PA) with 50 ;ul 
of pesticide grade n-hexane (Sigma Chemical Co., St. Louis, 
MO). An internal standard of 100 ng of saturated octadecane 
(C18:0) (Sigma Chemical Co., St. Louis, MO) was included in 
all samples. The extract was quantitatively transferred to 
a 100 ;ul glass vial, and the reacti-vial washed by multiple 
vortexing with 20-30 ul n-hexane for 1-2 min. The wash 
solution was transferred to the 100 ,ul glass vial and 
concentrated by twice evaporating to near dryness under 
nitrogen. The cuticular wax residue was resuspended in 2 jal 
n-hexane for GC analysis. In the case of GC/MS analysis, 50 
ng of anthracene-dlO was co-injected with each sample. This 
served as a second internal standard. 
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Gas Chromatography (GC) 
The gas chromatograph, which was a Fisher series 2400 
(Fisher Scientific, Medford, MA), was equipped with a flame 
ionization detector (FID), and interfaced with the Kipp & 
Zonen recorder model BD40 and the Hewlett Packard integrator 
model 3392A (Hewlett Packard Ind., Avondale, PA). The 
column used was a 60 meter, SPB—5 wide bore glass capillary 
column with an i.d. of 0.75 mm and film thickness of 1.0 Aim 
(Supelco Co., Beliefonte, PA). The injector, with 
Thermogreen LB-1 septa (Supelco Co., Beliefonte, PA) , was 
adjusted to a final temperature of 300°C. The flame 
ionization detector (FID) was fueled by hydrogen at 30 
ml/min and air at 24 0 ml/min and was temperature adjusted to 
350°C. Helium was used as the carrier gas and was adjusted 
to a flow rate of 15 ml/min. The initial oven temperature 
was programed at 150°C for 5 min and then raised to the 
final temperature of 260°C at the rate of 4°C/min. 
Gas Chromatography/Mass Spectrometry (GC/MS) 
The GC/MS identification of cuticular hydrocarbon 
components was carried out in collaboration with Thomas L. 
Potter, M.S., Director, GC/MS Facilities, College of Food 
and Natural Resources, University of Massachusetts. 
The GC/MS was a Hewlett Packard model 5885B (Hewlett 
Packard Ind., Avondale, PA) gas chromatograph/mass 
spectrometer system. The column used was a 60 meter, DB-5 
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fused silica capillary column with an i.d. of 0.32 mm and 
film thickness of 0.25 ,um (J&W Scientific, Folsom, CA). 
Helium was used as the carrier gas with a flow rate of 22 
cm/sec. at 150°C. The injector temperature was maintained 
at 300°C. The gas chromatograph was interfaced to the mass 
spectrometer detector by an open/split interface (0/S 
interface, SGE Scientific, Austin, TX), which was optimized 
to deliver maximum sensitivity. The oven temperature was 
programmed at 150°C and then raised to 280°C at the rate of 
5°C/min. The initial and final temperatures were held for 5 
and 30 min., respectively. 
Mass spectrometer conditions were as follows: Electron 
Impact Ionization (El); voltage (70 eV), scan range (33-500 
a.m.u.), scan speed (1.2 sec/scan), threshold (10), tune 
(autotune parameter using perfluorotributylamine), Chemical 
Ionization (Cl); reagent gas (methane), source temperature 
(100°C), source pressure (0.4 TORR), scan range (100-550 
a.m.u.), scan speed (1.2 sec/scan), threshold (10), tune 
(optimized on benzophenone ion, 184 a.m.u.). 
Statistical Data Analysis 
The integrated peak areas of each chromatogram were 
quantified by comparison with the octadecane internal 
standard and then normalized for weight differences of each 
individual specimen. The relative retention time of each 
peak (Rf), which was defined as the relative distance 
traveled by a spot and by the solvent front, was determined. 
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It was calculated by substracting each peak retention time 
from the retention time of the standard peak and then 
dividing by the retention time of the last peak taken into 
consideration (i.e. peak 17). These corrected Rf values 
were then used for peak matching. In otherwords, they were 
used to determine whether or not a peak present in one 
chromatogram represented the same chemical components of a 
peak present in another chromatogram. 
T-tests from the Statistix software package (NH 
Analytical* Software, Roseville, MN) were run for selected 
peak areas of hydrocarbon components existing in both forms 
The normalized areas of all peaks that were significantly 
different at 99.50-99.95% confidence levels (i.e. peaks 1, 
2, 4, 7 and 13, Figs. 1 and 2) were summed. The individual 
area of these peaks was divided by the summation value to 
determine the peak fraction of each form. Relative peak 
fractions were determined by dividing each peak fraction 
with the smallest peak fraction value (i.e. smallest value 
set equal to 1.0). Relative peak ratios were then 
determined by ranking the relative peak fractions in order 
from the smallest to the largest. To determine whether 
forms E and F of the An. maculatus complex could be 
separated by cuticular hydrocarbon differences, sample 
chromatograms of both forms were sorted out by matching the 
ranked order of relative peak ratios. 
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Principal Components Analysis (PC) 
The five normalized peak areas and their relative 
retention times (Rf) from 16 sample chromatograms of An. 
maculatus forms E and F were sent to Dr. Barry K. Lavine, 
Department of Chemistry, Clarkson University, Potsdam, New 
York, for principal components analysis. 
The five principal peak areas and their relative 
retention values from each chromatogram were entered into a 
VAX 11/780 superminicomputer (Clarkson Univ., Potsdam, NY), 
where they were placed in the disk storage of ADAPT (Stuper 
et al. 1979) . The data were then autoscaled to ensure that 
each feature had equal weight in the analysis (Kowalski and 
Bender 1972) . 
Each gas chromatogram for individual mosquito is 
initially represented as a data vector X = (x^ x2, x3, x4, 
x5), where xx, x2, x3, x4, x5 is the normalized areas for 
peaks 1, 2, 4, 7 and 13, respectively. Such a vector can be 
considered as a point in n—dimensional space. Therefore, a 
set of chromatograms represent a set of points in an n- 
dimensional space. In this case, 16 chromatograms represent 
16 points in a 5-dimensional space. The expectation is that 
points representing chromatograms from one class (cuticular 
hydrocarbons of form E) will cluster in one limited region 
of space separate from points corresponding to another class 
(cuticular hydrocarbons of form F). 
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Results 
C^r.f.ion nf cuticu]*r Hydrocarbon Components 
A total of 16 individual adult females of An. maculatus 
forms E and F were analyzed by the GC technique. Typical 
chromatograms obtained by GC analysis of cuticular 
hydrocarbon extracts from an individual adult female are 
shown in Fig. 1 for An. maculatus form E and Fig. 2 for An. 
maculatus form F. There were no consistent qualitative 
differences in normalized average peak areas between forms. 
However, form F tended to have more peaks when compared to 
form E.' The averaged (N=16) normalized peak areas of 
seventeen selected chromatogram peaks common to both forms E 
and F were statistically compared between forms. A total of 
five chromatographic peaks, of which three were always 
doublets, were quantitatively different between the two 
forms (Table 1). Peaks 1, 2 and 4 were significantly 
different at the 99.5% confidence level (p<0.005) and peaks 
7 and 13 were significantly different at the 99.95-s 
confidence level (p<0.0005). 
A total of 16 sample chromatograms of An. maculatus 
forms E (N=8) and F (N=8) were used in the assignment of 
relative peak ratios for both forms. All 16 standard 
specimens, 8 of each form, could be correctly identified by 
using the ranked order (from the smallest to the largest) of 
relative peak ratios (Table 2). 
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Both electron impact (El) and chemical ionization (Cl) 
GC/MS techniques were used to chemically identify compounds 
contained in each chromatographic peak. Total ion (TI) 
current chromatograms are illustrated in Fig. 3 for An. 
maculatus forms E and Fig. 4 for An. maculatus form F. 
Octadecane and anthracene-dlO, which were used as internal 
standards, are indicated as peaks A and B, respectively. 
The eight most abundant ions in the El mass spectra and the 
base peak in the Cl mass spectra of all chromatographic 
peaks from individual specimens of An. maculatus forms E and 
F were used to identify the individual fatty acids (Table 
3). Both El and Cl mass spectra of the five highly 
significant chromatographic peaks are shown in Figs. 5 to 
13. All peaks were detected in both forms with the 
exception of peak 1 for form E. As indicated, peak 1, 2 and 
4 were found to represent two compounds which were partially 
resolved chromatographically. In each case, they included a 
saturated and mono—unsaturated free fatty acid of the same 
carbon number. The other two peaks, 7 and 13, were alkanes. 
Structures for these five highly significant peaks were 
identified as: myristoleic acid (C14:l) and myristic acid 
(C14:0) for peak 1, palmitoleic acid (C16:l) and palmitic 
acid (C16:0) for peak 2, oleic acid (C18:l) and stearic acid 
(C18:0) for peak 4, pentacosane (C25:0) for peak 7 and 
nonacosane (C29:0) for peak 13. An asterisk following the 
compounds in Table 3 indicates that confirmation was 
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achieved through the GC/MS analysis of hydrocarbon standards 
(Aldrich Chemical Co., Milwaukee, WI) as shown in Table 4. 
Principal Components Results 
The efficiency of GC methods to separate forms E and F 
of An. maculatus s.s. was assessed by principal components 
analysis. Results of a principal components mapping 
experiment for 16 samples of forms E and F are shown in Fig. 
14. The vector form E was clumped together and well 
separated from the non-vector form F in the principal 
components space. The eigenvalue results for the principal 
components plot are shown in Table 5. Results indicated 
that the first two principal components covered up to 93.02% 
of the cumulative variance in the samples. 
Discussion 
My results indicate the efficiency of using an analysis 
of cuticular hydrocarbons by GC and GC/MS techniques in 
association with principal components analysis as an 
alternative method for identification of the two forms of 
the An. maculatus complex. The vector form E, which occurs 
in the southern part of Thailand, is easily separated from 
the non-vector form F, which occurs in the upper part of 
Thailand, by GC analysis of cuticular hydrocarbons. 
In the GC analysis, differences in extraction 
efficiency, injection volume and daily machine response were 
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minimized by the use of an internal standard. In addition, 
the differences of chromatographic peak areas due to 
intraspecific variation of the test specimens were reduced 
by dividing all the chromatographic peak areas of each 
individual specimen by its own dry weight. 
For blood-fed mosquitoes which have partially digested 
their blood meals, some problems might arise if the dry 
weight is used as one of the parameters. In this case, the 
dry weight includes the dry blood content and does not 
provide an accurate ratio of the relative amount of 
compounds present in the cuticle. I suggest that wing 
length can be used instead of dry weight since my data 
showed a good positive correlation between these two 
parameters. Nevertheless, only the dry weight was used in 
our study since all specimens were unfed. 
In this study, GC/MS analysis of cuticular hydrocarbons 
was performed for individual specimens. The data obtained 
by GC/MS analysis allowed specific identification of nearly 
all compounds detected. In the case of the alkanes and 
saturated fatty acids, the mass spectra and gas 
chromatographic retention time data are consistent with the 
conclusion that only straight chain compounds were present. 
No prominent neutral losses were observed in either the 
chemical ionization or electron impact spectra which are 
indicative of branch points. 
One interesting feature of the chemical ionization 
spectra was that the (M-H)+ ion in the spectra of the 
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alkanes from C21 to C3Q was the base peak. Hydrocarbons 
with carbon numbers above this exhibited an M+ ion as the 
base peak. This indicates that C31 is the threshold above 
which charge exchange becomes the dominant ionization 
mechanism. Below this hydride abstraction, the mechanism by 
which most texts describe the ionization of alkanes in 
methane (Harrison 1983) is presumably the dominant 
ionization pathway. 
A notable aspect of gas chromatography in this study is 
that the "free" fatty acids could be chromatographed and 
that results were reproducible. Significant "tailing" of 
the fatty acid peaks was observed and in the case of the 
GC/MS analysis of form E, adsorption apparently prevented 
detection of the C14 homologs. Improvements can be expected 
through the use of more polar liquid phases and "on—column" 
injection. 
The principal component is an uncorrelated variable 
based upon the original data (e.g. the mosquito GC peak 
areas). The fewer principal components used to explain the 
sample variance, the greater the similarity between the 
data. A fraction of the total variance is explained by each 
principal component (Table 5). The eigenvalues describe the 
variance of each dimension. In this study, the first two 
eigenvalues describe 93.02% of the variance. Therefore, the 
2-dimensional plot of these two variables (Fig. 14) allows 
one to assess the similarities represented by the actual 5- 
dimensional plot at 93% accuracy. 
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A plot of the first two principal components for each 
chromatogram shows that An. maculatus form E have similar 
first and second principal components (i.e. cuticular 
hydrocarbon profiles). Furthermore, the coefficients for 
this group are extremely high compared to An. maculatus form 
F. A high coefficient of a principal component is an 
indication of high correlation between the original variable 
and the principal component (Afifi and Clark 1984). Since 
principal components are by design uncorrelated variables, 
the similar principal components for form E confirm 
cuticular hydrocarbon similarities and do not reflect any 
analytical influences. Hence, they are truly indicative of 
a similar biochemical class. 
As illustrated in the graph, form E is well separated 
from form F which is widely scattered with respect to each 
other in the principal components space. Since this 
projection is made without the use of information about the 
class assignment of the samples, the resulting separation is 
therefore a strong indication of real differences in the GC 
profile of the mosquito cuticular hydrocarbons of forms E 
and F. A nonlinear mapping experiment was also carried out 
on the data set, and similar results were obtained (Lavine, 
Pers. Comm.). 
As for these five GC peaks, it is not possible to 
designate any particular peak as the key differentiable peak 
due to the limited number of samples in the data set. 
However, the analysis does prove that the differences are 
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combined within these five peaks, thus, providing a 
meaningful separation technique for these closely-related 
mosquito forms. 
Preliminary analysis of cuticular hydrocarbons of An. 
pseudowillmori, An. willmori, An. sawadwongporni, An. 
notanandi and An. dravidicus were carried out. 
Chromatograms showed a few GC peak areas that might be of 
value in the identification of all these sibling species of 
the An. maculatus complex. Since a morphological key to 
separate adult females of these closely-related species has 
been recently developed, additional GC studies were not 
done. 
Due to the shortage of cytogenetically confirmed 
specimens, the study was conducted with small samples. Even 
though the results are very promising, more specimens need 
to be tested to determine the intra-interspecific 
variability of cuticular hydrocarbons within the An. 
maculatus complex. 
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-ablel. statistical comparisons of normalized average 
r~ nii-icular hydrocarbon components from n hexane 
SSS « SiSKwSSf«»i. "t *»!*"“ 
forms E and F. 
An. maculatus E An. maculatus F 
Peak 
Number 
Rfd 
Value 
Amount0 
(ng/mg) 
Rf a 
Value 
Amount0 
(ng/mg) T-test 
1 -0.024 9.934 
2 0.098 
0.106 
219.233 
3 0.189 6.863 
4 0.218 
0.230 
676.913 
5 0.307 5.088 
6 0.319 
0.323 
33.694 
7 0.413 18.917 
8 0.450 10.383 
9 0.467 9.726 
10 0.528 90.246 
11 0.596 12.283 
12 0.631 87.913 
13 0.677 34.527 
14 0.707 38.183 
15 0.898 16.164 
16 0.939 83.381 
17 1.000 118.238 
0.024 224.905 **** 
0.097 3478.836 **** 
0.106 
0.191 16.510 * 
0.219 1441.671 **** 
0.232 
0.308 25.094 ns 
0.321 65.115 ** 
0.326 
0.415 55.493 ***** 
0.453 26.889 *** 
0.469 14.770 ** 
0.530 101.881 ns 
0.597 18.637 ns 
0.634 97.185 ns 
0.680 98.687 ***** 
0.709 33.467 ns 
0.897 39.654 ns 
0.940 92.232 ns 
1.000 59.730 **** 
a The value of peak retention time minus the standard peak 
retention time and divided by the the last peak taken 
into consideration (i.e. peak no. 17) 
b The normalized average peak area (n=8) per individual 
mosguito. The value of each peak area obtained by 
dividing the amount peak area at lOO-s extraction 
efficiency with the individual body weight. 
c Test of significant difference of cuticular hydrocarbons 
between the two forms. 
***** pcO.0005, **** p<0.005, *** p<0.01, ** p<0.025, 
* p<0.05, ns p<0.05 
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individual female of Anopheles maculatus for 
Relative Peak Ratioa 
SPECIMEN PCb Peakl Peak2 Peak4 
Peak7 Peakl3 
E-l 
E-2 
E~3 
E-4 
E-5 
E-6 
E~7 
E-8 
1 
2 
3 
4 
5 
6 
7 
8 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
21.778 
24.500 
33.500 
24.700 
25.500 
15.824 
15.214 
69.333 
81.000 
69.800 
125.333 
66.600 
68.600 
39.000 
51.357 
243.333 
3.667 
1.400 
2.333 
2.100 
1.800 
1.000 
1.357 
8.333 
3.667 
3.300 
4.500 
5.600 
3.200 
2.059 
2.429 
11.000 
Average 
(S.D.) 
R.R.0.C 
1.000 
(0.000) 
1 
28.794 
(17.376) 
4 
93.128 
(65.759) 
5 
2.749 
(2.400) 
2 
4.469 
(2.867) 
3 
SPECIMEN PCb Peakl Peak2 Peak4 Peak7 
Peakl3 
F”1 
F-2 
F-3 
F-4 
‘ F“5 
F-6 
F-7 
F-8 
9 
10 
11 
12 
13 
14 
15 
16 
2.050 
1.792 
2.750 
2.182 
6.364 
3.286 
4.625 
6.714 
22.700 
22.458 
32.625 
49.727 
67.000 
85.429 
87.000 
96.714 
22.400 
14.875 
24.563 
37.091 
14.273 
51.286 
30.750 
36.429 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.850 
1.542 
1.625 
1.000 
2.273 
1.857 
1.750 
2.000 
Average 
(S.D.) 
R.R.0.c 
• 3.720 
(1.956) 
3 
57.957 
(30.225) 
5 
28.958 
(12.536) 
4 
1.000 
(0.000) 
1 
1.737 
(0.374) 
2 
a The value of each peak ratio divided by the smallest peak 
ratio value (i.e. smallest value set to 1.0). Each peak 
ratio is the value of each highly significant peak area 
divided by the summation of all five highly significant 
peak areas. 
b Principal component number as shown in Fig. 17. 
c The relative ranked order of five highly significant 
chromatographic peaks, from the smallest to the largest. 
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Tabled- Structural identificaton of compounds from 
“Sis 2ssr-«srr™r r-iffsff> ;u 
(El) and chemical ionization (Cl) GC/MS analysis. 
Rase Peak (m/zjb 
Peak 
No. R.R.T. El Cl 
Compounds 
lc 0.97 55 227 (M+l)+ 
73 229 (M+l)+ 
A 1.00 57 253 (M-l)+ 
B 1.03 188 189 (M+l)+ 
2C 1.21 69 255 (M+l)+ 
1.23 73 257 (M+l)+ 
3 1.31 57 323 (M-l)+ 
4C 1.42 55 283 (M+l)+ 
1.43 73 285 (M+l)+ 
5 1.53 57 323 (M-l)+ 
7 1.71 71 351 (M-l)+ 
8 1.82 71 365 (M-l)+ 
10 1.93 71 379 (M-l)+ 
11 2.06 71 
12 2.12 69 411 
13 2.21 71 407 (M-l)+ 
15 2.62 57 436 M+ 
16 2.70 71 450 M+ 
17 2.79 57 
Myristoleic a (C14:l)* * 
Myristic a (C14s0)* 
Octadecane (STD) 
Anthracene-dlO (STD) 
Palmitoleic a (C16:l)* 
Palmitic a (C16:0)* 
Henicosane (C21:0) 
Oleic a (C18:l)* 
Stearic a (C18s0)* 
Tricosane (C2 3:0) 
Pentacosane (C25:0)* 
Hexacosane (C26:0)* 
Heptacosane (C27:0)* 
Octacosane (C28:0)* 
Squalene 
Nonacosane (C29:0)* 
Hentriacontane (C31:0) 
Dotriacontane (C3 2:0)* 
Tritriacontane (C33:0) 
a Relative retention time to octadecane. 
k ms ions used for compound identification. 
c Peaks 1, 2 and 4 are unresolved doublets. 
* Confirmed by analysis of standard. 
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Table 4. Gas chromatography/mass spectrometry 
analysTs of cuticular hydrocarbon standards to c°nfirm 
identification of compounds from mosquito cuticula 
hydrocarbon extracts. 
Hydrocarbon 
Standards 
R.T. 
(min.) R.R.T.a 
Temperature*3 
(°C) 
n - C18 19.18 1.00 
220.9 
n ~ C20 23.40 1.22 
242.0 
n - C24 30.95 1.61 
279.5 
n - C25 32.78 1.71 
280.0 
n - C26 34.70 1.81 
n - C28 39.35 2.06 
n - C30 45.82 2.39 
a Relative retention time to n C18. 
k GC oven temperature, programed from 150°C (5 min.) to 
280°C at the rate of 5°C/min. 
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m v*ia r variance description of the principal component 
Stgif; for 16 cytogenetLally identified colony specimens 
of Anopheles maculatus forms E and F. 
principal Components Eigenvalue3 
Cumulative Variance 
1 3.81676 
81.42 % 
2 0.54329 93.02 % 
3 0.24536 98.25 % 
4 0.05964 99.52 % 
5 0.02240 100.00 % 
a The primary roots of the principal components. The 
standard deviation of each principal component is the square 
root of the eigenvalue. 
b The cumulative total of the sample variance explained by 
totaling the principal components (i.e. the first principal 
component explained 81.42% of the variance, the first and 
second principal component together explained 93.02. of the 
variance, etc.). 
47 
Figure l. Typical gas chromatogram of cuticular hydrocarbon 
extract from an individual female Anopheles maculatus form E. 
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Figure 2. Typical gas chromatogram of cuticular hydrocarbon 
extract from an individual female Anopheles maculatus form F. 
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Figure 3. Total ion (TI) current chromatogram of cuticular 
hydrocarbon extract from an individual female Anopheles 
maculatus form E. 
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Figure 4. Total ion (TI) current chromatogram of cuticular 
hydrocarbon extract from an individual female Anopheles 
maculatus form F. 
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irtract of an ? A?H■> ! peak 1 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form F a> 
electron impact (El) B) chemical ionization (Cl) 1 
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Fiqure 6. Mass spectra of peak 2 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form E A) 
electron impact (El) B) chemical ionization (Cl). 
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Zigy£J_7. Mass spectra of peak 2 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form F C) 
electron impact (El) D) chemical ionization (Cl). 
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Figure 8. Mass spectra of peak 4 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form E A) 
electron impact (El) B) chemical ionization (Cl). 
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Figure 10. Mass spectra of peak 7 from cuticular hydrocarbon 
extract of an individual female Anopheles iricLCulcLtus form E A) 
electron impact (El) B) chemical ionization (Cl). 
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Figure 11. Mass spectra of peak 7 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form F C) 
electron impact (El) D) chemical ionization (Cl). 
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Figure 12. Mass spectra of peak 13 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form E A) 
electron impact (El) B) chemical ionization (Cl). 
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Figure 13. Mass spectra of peak 13 from cuticular hydrocarbon 
extract of an individual female Anopheles maculatus form F C) 
electron impact (El) D) chemical ionization (Cl). 
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Figure 14. The 2-dimensional two principal component map for 
16 cytogenetically identified colony specimens of Anopheles 
maculatus forms E and F. 
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CHAPTER IV 
PRELIMINARY SURVEY OF THE ANOPHELES MACULATUS FORMS E 
AND F IN PENINSULAR MALAYSIA BY ANALYSIS OF 
CUTICULAR HYDROCARBONS 
Introduction 
Evidence that An. maculatus Theobald sensu lato is a 
complex was revealed by differences in their polytene 
chromosomes as described by Green and Baimai (1984) and 
Green et al. (1985). Recently, This was more formally 
established through a description of morphological 
differences among sibling species by Rattanarithikul and 
Green (1986). These studies were based largely on An. 
maculatus s.l. populations that occurred in Thailand with 
only a few specimens from other Asian countries, i.e. 
peninsular Malaysia and the Phillippines. The field 
specimens obtained from peninsular Malaysia were all from 
Genting Highlands, Selangor. The colony specimens obtained 
from the Institute of Medical Research, Kuala Lumpur 
originated from Ulu Lui, Selangor. Both sites are in the 
central region of peninsular Malaysia. All these specimens 
were identified by cytogenetic techniques as An. maculatus 
form E, the same as those found in the adjoining southern 
76 
part of Thailand (Green et al. 1985). Based on this 
evidence, it was speculated that form E only occurs from 
southern Thailand southward through peninsular Malaysia 
where it has been incriminated as the primary vector of 
human malaria (Hodgkin 1956, Wharton et .al. 1963). However, 
no published information currently exists to support this 
conjecture concerning the distribution of form E in 
peninsular Malaysia 
Limitations in conducting research on the An. maculatus 
complex are largely due to problems in identification. The 
only method used to identify form E is by reading the 
ovarian nurse cell polytene chromosomes from half-gravid 
females. This method is not practical for routine 
collections of field specimens since the ovaries are usually 
used to check parity (Upatham et al. 1988). In this study, 
the key to adult females of the An. maculatus complex in 
Thailand (Rattanarithikul and Green 1986) was used to 
intially identify field specimens. However, this recently 
developed key has limitations and cannot differentiate 
between the E and F forms of the An. maculatus complex. 
Thus, the main objective of the study is to apply GC 
analysis of cuticular hydrocarbon technique (Chapter III) to 
identify the vector form E and non-vector form F of the An. 
maculatus complex from five different locations in 
peninsular Malaysia. 
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Materials and Methods 
survey and Collection 
Collections of wild adult females of An. maculatus s.l. 
were made from nine locations in various parts of peninsular 
Malaysia. Sampling locations were Malay or aboriginal 
villages near hilly jungles in the north, south, and central 
parts of the Malay Peninsula and also on both the east and 
west sides of the central mountains (Fig. 15). 
All specimens were obtained by outdoor human biting 
collection. Individuals who served as human bait were given 
antimalarial drug prophalaxsis. Collections were made from 
1900 to 0200 hr for 2-3 nights in each location. Specimens 
were collected in individual 100 ml glass vials plugged with 
cotton and were separated hourly into 7 different time 
groups for each night. 
Wild-caught Anopheles females were first identified 
using Reid's (1968) key to the species of Anopheles from the 
Far East. Specimens identified as An. maculatus s.l. were 
identified to sibling species using the newly developed 
preliminary key to adult females of the An. maculatus 
complex in Thailand (Rattanarithikul and Green, 198 6) . 
Live specimens identified as An. maculatus s.s. were 
allowed to take a blood meal by feeding on a human bait and 
were then transported back to the laboratory in Kuala 
Lumpur. 
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paring Techniques 
Blood-fed females of An. maculatus s.s. were 
individually isolated in 6 dram screen-topped glass vials 
with a piece of filter paper over cotton wool at the bottom. 
They were induced to oviposit by saturating the cotton wool 
with distilled water. Induced females were maintained in 
the insectary at 25-27°C mean temperature and 50-80% 
relative humidity. The mosquitoes were checked daily until 
eggs were laid (usually 2-3 days after their blood meal). 
Eggs obtained from each female were transferred to 
separate rearing containers which were three-fourths filled 
with distilled water. All eggs from one female were 
confined in a circled plastic straw to prevent them from 
becoming stranded on the sides of the container. After 
hatching, a small amount of finely ground hamster food was 
provided daily until pupation. The amount of larval food 
was increased in proportion to the number and size of the 
larvae. 
Emerged adults from different female mothers were held 
separately in 8 inch square screened cages provided with a 
5% sugar solution. After 3—7 days, the adult females were 
killed by freezing and each individual specimen was kept dry 
in a 1/2 dram glass vial for analysis of cuticular 
hydrocarbons as described below. 
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ac. Analysis of Cuticular Hydrocarbons 
The total of 45 specimens of different egg batches from 
five of the nine locations were selected for preliminary 
characterization by GC analysis of cuticular hydrocarbons* 
Wild-caught females from these locations produced the 
largest number of progeny which were necessary for 
statistical treatment. Specific sampling locations and the 
number of specimens tested from each location are shown in 
Table 6. 
Details of the GC technique for cuticular hydrocarbon 
analysis are described in Chapter III. 
Individual dried An. maculatus s.s. females from 
different progeny broods were weighed with a CAHN/Ventron 
electronic balance model CAHN27 and the weight recorded 
before extraction. Cuticular hydrocarbons were extracted by 
immersing each specimen in 50 ;ul of pesticide grade n-hexane 
for 10 min. The internal standard of 100 ng of octadecane 
was added to the extracted material before twice being 
evaporated to near dryness by nitrogen gas. The residue was 
resuspended in 2 Ml n-hexane before injection into the GC. 
The Fisher gas chromatograph series 2400 used in the 
experiment was equipped with 60 meter, SPB-5 wide bore 
capillary column (0.75 mm i.d. & 1.0>ul film thickness), and 
interfaced with the Kipp & Zonen recorder model BD40 and the 
Hewlett Packard integrator model 3392A. The oven 
temperature was programmed to start at 150°C, held for 5 
min, and then increased at the rate of 4°C/min to 260°C. 
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The cuticular components were recorded as integrated peak 
areas on the chromatogram. 
Five marker peaks were determined by matching their 
relative retention time (Rf) with those from cytogenetically 
identified specimens. The five peak areas of each 
chromatogram were then adjusted by the octadecane internal 
standard and normalized by the specimen dry weight. The 
relative peak ratios of the five GC peaks of individual 
specimens were formed and ranked in order from the smallest 
to the largest. 
Determination of forms was done by comparing relative 
peak ratios of individual specimens with the GC profiles 
from cytogenetically identified specimens (Chapter III) • 
The relative peak ratio of peaks 1:2:4:7:13 for form E was 
1:4:5:2:3. The relative peak ratio of peaks 1:2:4:7:13 for 
form F was 3:5:4:1:2. The relative peak ratios of 
individual specimens that matched totally with those of 
cytogenetically identified specimens were identified as form 
E and form F. The relative peak ratios of specimens that 
did not match totally were considered suspected forms E or F 
based on the following rules: for form E, 1) peak 2 was 
smaller than peak 4, 2) peak 1 was the smallest, and for 
form F, 1) peak 2 was larger than peak 4, 2) peak 7 was the 
smallest. 
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principal Components Analysis 
Principal components analysis was conducted on the five 
GC marker peaks that had their relative retention times (Rf) 
matched with those from 16 cytogenetically identified colony 
specimens. 
Details of the principal components analysis are 
described in Chapter III. 
Normalized areas and relative retention times of the 
five GC peaks from 45 mosquito chromatograms were entered 
into the disk storage of ADAPT which was housed on a VAX 
11/780 superminicomputer. After autoscaling, each data 
vector (mosquito chromatogram) was represented as a point in 
an n-dimensional space. In this case, 45 mosquitoes were 
represented as 45 points in 5-dimensional space but were 
shown in 2-dimensional two principal component map. The 
mosquitoes of different forms are expected to cluster in 
different regions separate from each others. 
Results 
Relative Peak Ratio Determination 
The relative peak ratios of cuticular hydrocarbons of 
specimens from Gombak, Gua Musang, Lutan, Kuala Burang and 
Labis are shown in Tables 7-11. The relative peak ratios of 
An. maculatus s.s. specimens from peninsular Malaysia 
matched well with those of cytogenetically identified colony 
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specimens. The relative peak ratios of 2 out of 45 
specimens did not matched totally but were identified as 
form E by the second rule. The relative peak ratios of 3 
out of 45 specimens did not fit with the rule and were 
classified as unknown. 
Using the relative peak ratio method to assess form 
type, the results presented in Table 12 indicate that An. 
maculatus forms E and F coexist. Form F was prevalent in 
Labis, Johore in the southern part of Malay peninsula but 
form E predominated in all other locations. 
Principal Components Results 
The relative peak ratio method used in form assignment 
of 45 specimens of An. maculatus s.s. from peninsular 
Malaysia was evaluated by principal components analysis. 
Results of the 2-dimensional two principal components 
mapping experiments for 45 and 61 specimens (include 16 
cytogenetically identified colony specimens) are 
demonstrated in Figs. 17 and 18, respectively. The 
principal components pattern of specimens identified as form 
E was clumped together while those identified as form F 
tended to spread out in the 2-dimensional two principal 
components space. The eigenanalysis for 61 specimens (Table 
13) indicated that the first two principal components 
covered up to 92.19% of the cumulative variance in the 
samples. 
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Discussion 
Our results demonstrate that GC analysis of cuticular 
hydrocarbons is capable of identifying field specimens of 
An. maculatus s.s. into two forms. Principal components 
results agreed well with the relative peak ratio 
determinations. However, the overall efficiency of this 
identification technique needs more complete evaluation. A 
tight clustering of specimens identified as form E in the 
principal components space indicates that cuticular 
hydrocarbons are very similar among this vector form. 
Unfortunately, GC analysis on wild-caught female 
mothers was not possible in this study since they were used 
for dissection and ELISA tests to determine the presence and 
species of malaria parasites. Nevertheless, there are 
advantages to using FI progeny rather than wild-caught 
females. FI progeny can be reared under the same conditions 
and are sacrificed at about the same time so that 
nutritional status and age of the mosquitoes should have 
minimal effect on the cuticular hydrocarbon patterns.' 
Moreover, if the chromatographic pattern of an individual 
test sample does not match well with known cuticular 
hydrocarbon profiles, further taxonomic tests can be carried 
out with other specimens from the same progeny brood. The 
principal disadvantage is that it is time-consuming to 
maintain the wild-caught female mothers until eggs are laid 
and to rear their progeny. Moreover, not all female 
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mosquitoes from the field successfully lay eggs in the 
laboratory. 
Gas chromatographic (GC) analysis of cuticular 
hydrocarbons can be performed with only part of the insect 
such as wings or legs (Phillips, pers. comm.). Further 
investigation is needed to evaluate the practicality of 
using similar techniques with wings or legs instead of the 
entire individual mosquito so that field specimens can be 
directly identified by this technique without sacrificing 
the ability to test for parasites, age, etc. 
Anopheles maculatus form E appears to predominate in 
the northern region bordering Thailand and throughout 
peninsular Malaysia but is less numerous in the extreme 
south. During the survey, I observed that most areas in the 
south of peninsular Malaysia which were formerly hilly 
jungles are now oil palm plantations. This habitat may not 
be suitable for form E. It is possible that it has been 
recently replaced by form F which may be better adapted to 
this more open and homogeneous terrain. 
The finding that An. maculatus forms E and F coexist in 
the same areas in peninsular Malaysia raises questions 
concerning the status of these two forms. Green et al. 
V 
(1985) pointed out two possibilities, i.e. that they 
represent geographic variation within An. maculatus s.s. 
group or represent different sibling species. My data 
suggested that these forms are distinct incipient species 
rather than geographical races. However, cross-matings 
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between these two forms need to be carried out to clarify 
this question. 
Regarding the infection rate of field collected An. 
maculatus s.s. females, only one of 216 was found to be 
positive with Plasmodium falciparum. This specimen was 
collected at Kg. Bukit Asu, Lutan, Kedak, which is located 
in the northern part of peninsular Malaysia bordering 
Thailand. The fact that form E predominates in malarious 
areas, especially in the north, seems to support the idea 
that this form is responsible for natural malaria 
transmission in peninsular Malaysia. 
Future surveys should include more sampling sites to 
better determine the distribution of these two forms. In 
addition, more specimens should be identified from each site 
and during different seasons to evaluate the value of 
cuticular hydrocarbons as taxonomic characters. 
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Table 6. Specific sampling locations in peninsular Malaysia 
where Anopheles maculatus s.s. were collected. 
Region Dates No. 
No.a Collected Collected 
Sampling 
Location 
1 2/4-7/86 44 Kg. Orang Asli, 17th mile,Ulu Gombak, Selangor 
2 3/6-9/86 46 Kg. Star and Kg. Jerek, Gua Musang, Kalantan 
3 3/21-22/86 15 Kg. Bukit Asu, Lutan, Kedak 
4 5/20-22/86 24 Kg. Sungai Berang, Kuala 
Berang, Trengganu 
5 7/10-12/86 19 Kg. Orang Asli (8 km from 
Labis), Labis, Johore 
6 9/5-7/85 3 Kg. Berkat, Maran, Pahang 
7 2/25-28/86 3 Cameron Highlands 
8 3/20-21/86 3 Kg. Lalang, Ulu Gerik, Perak 
9 7/12-14/86 9 Kg. Orang Asli (2 km from 
Rembau), Rembau, Negri 
Sembilan 
Total 216 
a Number as indicated on the map of peninsular Malaysia 
in Fig. 15. 
b Number of wild-caught females identified as An. 
maculatus s.s 
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Table 7. Relative peak ratios of five highly significant 
chromatographic peak areas of cuticular hydrocarbons of 
Anopheles maculates s.s. from Gombak, Selangor, Malaysia. 
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Relative Peak Ratio* 
Specimen PC^ Peakl Peak2 Peak3 Peak4 Peak5 
GB2-1 24 1.400 35.933 27.200 1.000 
1.133 
R.R.0.C 
GB7-1 17 
3 
1.000 
5 
128.000 
4 
174.667 
1 
9.333 
2 
20.333 
R • R. 0. 1 4 5 2 3 
GB10-1 20 1.000 76.000 114.400 2.600 6.000 
R • R. 0. 1 4 5 2 3 
GB21-1 21 1.000 7.853 16.324 1.206 3.000 
R • R. 0 • 1 4 5 2 3 
GB30-1 25 1.000 330.000 635.000 15.000 18.000 
R • R • 0 • 1 4 5 2 3 
GB30-2 26 1.000 3.322 48.462 1.692 2.538 
R. R. 0. 1 4 5 2 3 
GB36-1 22 1.000 3.711 13.489 1.578 2.444 
R. R. 0 • 1 4 5 2 3 
GB40-1 18 1.000 87.600 103.000 2.600 5.800 
R. R. 0. 1 4 5 2 3 
GB51-1 19 1.000 93.000 213.667 11.000 14.667 
R. R. 0. 1 4 5 2 3 
GB86-1 23 2.000 42.467 19.800 1.000 1.467 
R. R • 0. 3 5 4 1 2 
a The value of each peak ratio divided by the smallest peak 
ratio value (i.e. smallest value set to 1.0). Each peak 
ratio is the value of each highly significant peak area 
divided by the summation of all five highly significant 
peak areas. 
b Principal component number as shown in Fig. 17. 
c The relative ranked order of five highly significant 
chromatographic peaks, from the smallest to the largest. 
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Table 8. Relative peak ratios of five highly significant 
chromatographic peak areas of cuticular hydrocarbons of 
Anopheles maculatus s.s. from Gua Musang, Kalantan, 
Malaysia. 
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Relative Peak Ratio* 
Specimen PCb Peakl Peak2 Peak3 Peak4 
Peak5 
GM112-1 
R. R. 0. C 
36 1.000 
1 
174.500 
4 
283.279 
5 
6.000 
2 
10.000 
3 
GM113-1 
R • R. 0. 
33 2.889 
3 
27.444 
4 
78.333 
5 
1.000 
1 
1.444 
2 
GM114-1 
R • R. 0. 
34 1.000 
1 
106.250 
4 
136.000 
5 
3.000 
2 
4.000 
3 
GM115-1 
R.R.0. 
29 1.000 
1 
67.333 
4 
90.333 
5 
2.667 
2 
5.167 
3 
GM117-1 
R. R • 0. 
28 1.000 
1 
91.000 
4 
148.000 
5 
4.250 
2 
5.750 
3 
GM120-1 
R ■ R • 0. 
32 1.000 
1 
12.654 
4 
21.462 
5 
1.000 
2 
2.308 
3 
GM125-1 
R • R. 0. 
35 2.000 
3 
55.000 
4 
106.833 
5 
1.000 
1 
1.833 
2 
GM126-1 
R. R. 0. 
27 1.000 
1 
24.083 
4 
54.500 
5 
1.500 • 
2 
3.083 
3 
GM133-1 
R. R. 0. 
31 1.000 
1 
204.500 
4 
279.000 
5 
5.000 
2 
10.000 
3 
GM136-1 
R. R. 0. 
30 1.000 
1 
227.500 
4 
257.500 
5 
8.000 
3 
6.500 
2 
GM Colony 
R.R.O. 
37 1.000 
1 
25.000 
4 
37.375 
5 
1.250 
2 
2.875 
3 
a The value of each peak ratio divided by the smallest peak 
ratio value (i.e. smallest value set to 1.0). Each peak 
ratio is the value of each highly significant peak area 
divided by the summation of all five highly significant 
peak areas. 
b Principal component number as shown in Fig. 17. 
c The relative ranked order of five highly significant 
chromatographic peaks, from the smallest to the largest. 
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Table 9. Relative peak ratios of five highly significant 
chromatographic peak areas of cuticular hydrocarbons of 
Anopheles maculatus s.s. from Lutan, Kedak, Malaysia. 
Specimen PCb 
Relative Peak Ratio3 
Peakl Peak2 Peak3 Peak4 Peak5 
LT153-1 55 1.000 28.083 50.667 1.083 2.500 
R.R.0.c 1 4 5 2 3 
LT155-1 61 1.000 316.000 656.000 13.000 14.000 
R. R. 0. 1 4 5 2 3 
LT156-1 58 1.000 15.381 27.381 1.476 2.381 
R • R. 0. 1 4 5 2 3 
LT159-1 60 6.617 94.667 63.167 1.000 1.500 
R. R. 0. 3 5 4 1 2 
LT160-1 59 1.000 181.500 296.500 10.000 10.500 
R. R. 0. 1 4 5 2 3 
LT162-1 57 1.000 140.667 178.000 4.000 9.333 
R. R. 0. 1 4 5 2 3 
LT166-1 56 1.000 12.529 39.353 2.412 3.471 
R. R • 0. 1 4 5 2 3 
LT168-1 54 1.000 106.000 196.333 9.667 20.000 
R. R • 0. 1 4 5 2 3 
The value of each peak ratio divided by the smallest peak 
ratio value (i.e. smallest value set to 1.0). Each peak 
ratio is the value of each highly significant peak area 
divided by the summation of all five highly significant 
peak areas. 
e 
u 
Principal component number as shown in Fig. 17. 
c The relative ranked order of five highly significant 
chromatographic peaks, from the smallest to the largest. 
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Table 10. Relative peak ratios of five highly significant 
chromatographic peak areas of cuticular hydrocarbons of 
Selel mLuIatus s.s. from Kuala Berang, Trengganu, 
Malaysia. 
Relative Peak Ratioa 
Specimen PCb Peakl Peak2 Peak3 
Peak4 Peak5 
KB173-1 
R. R. 0.c 
43 1.000 
1 
189.000 
4 
721.000 
5 
39.000 
3 
36.000 
2 
KB174-1 
R • R. 0 • 
42 1.000 
1 
154.667 
4 
166.667 
5 
4.333 
2 
6.667 
3 
KB177-1 
R • R • 0 • 
38 1.000 
1 
27.909 
4 
57.364 
5 
1.818 
2 
2.727 
3 
KB178-1 
R • R. 0. 
39 1.000 
1 
123.000 
4 
194.333 
5 
6.000 
2 
9.333 
3 
KB179-1 
R. R. 0. 
41 1.000 
1 
10.333 
4 
15.939 
5 
1.273 
2 
1.758 
3 
KB180-1 
R . R e 0 c 
44 1.000 
1 
176.333 
5 
136.333 
4 
5.667 
2 
14.000 
3 
KB182-1 
R • R. 0. 
45 3.600 
3 
108.000 
5 
85.600 
4 
1.000 
1 
1.600 
2 
KB184-1 
R . R a 0 . 
40 1.000 
1 
23.917 
4 
54.833 
5 
1.583 
2 
1.917 
3 
a The value of each peak ratio divided by the smallest peak 
ratio value (i.e. smallest value set to 1.0) . Each peak 
ratio is the value of each highly significant peak area 
divided by the summation of all five highly significant 
peak areas. 
b Principal component number as shown in Fig. 17. 
c The relative ranked order of five highly significant 
chromatographic peaks, from the smallest to the largest. 
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Table 11. Relative peak ratios of five highly significant 
chromatographic peak areas of cuticular hydrocarbons of 
Anopheles maculatus s.s. from Labis, Johore, Malaysia. 
Specimen PCb 
Relative Peak Ratioa 
Peakl Peak2 Peak3 Peak4 Peak5 
LB197-1 46 6.143 68.143 65.857 1.000 1.714 
R.R.O.c 3 5 4 1 2 
LB197-3 47 8.429 80.857 50.857 1.000 1.714 
R.R.O. 3 5 4 1 2 
LB202-1 48 8.833 88.333 66.667 1.000 1.833 
R.R.O. 3 5 4 1 2 
LB202-2 49 3.706 30.294 21.412 1.000 2.412 
R.R.O. 3 5 4 1 2 
LB203-1 50 4.400 52.500 40.700 1.000 1.400 
R.R.O. 3 5 4 1 2 
LB203-2 51 4.222 58.222 46.222 1.000 1.333 
R.R.O. 3 5 4 1 2 
LB207-1 52 1.500 33.250 25.750 1.000 1.000 
R.R.O. 3 5 4 1 2 
LB207-2 53 1.167 29.278 22.611 1.000 1.444 R.R.O. 3 5 4 1 2 
The value of each peak ratio divided by the smallest peak 
ratio value (i.e. smallest value set to 1.0). Each peak 
ratio is the value of each highly significant peak area 
divided by the summation of all five highly significant peak 
Principal component number as shown in Fig. 17. 
The relative ranked order of five highly significant 
chromatographic peaks, from the smallest to the largest. 
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Table 12. Summary of identification results from analysis 
of cuticular hydrocarbons of Anopheles maculatus s.s. fro 
five regions in peninsular Malaysia. 
No .a Sampling Location Total Form E Form F 
Unknown 
1 Ulu Gombak, Selangor 10 8 2 
— 
2 Gua Musang, Kalantan 11 9* — 2 
3 Lutan, Kedak 8 7 1 
— 
4 Kuala Burang, Trengganu 8 7* 1 — 
5 Labis, Johore 8 — 8 
— 
Total 45 
a Number as indicated on the map of peninsular Malaysia 
in Fig. 15. 
* One specimen was identified as suspected form E. 
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Table 13. Variance description of the principal component 
analysis for 61 specimens of Anopheles maculatus forms E and 
F. 
Principal Component Eigenvalue9 Cumulative Variance0 
1 4.2000 83.99 % 
2 0.4095 92.19 % 
3 0.2060 96.33 % 
4 0.1100 98.51 % 
5 0.0745 100.00 % 
a The primary roots of the principal components. The 
standard deviation of each principal component is the square 
root of the eigenvalue. 
The cumulative total of the sample variance explained by 
totaling the principal components (i.e. the first principal 
component explained 83.99% of the variance, the first and 
second principal component together explained 92.19% of the 
variance, etc.). 
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Figure 15. Map of peninsular Malaysia showing nine sampling 
locations as indicated in Table 6. FI progeny of specimens 
from locations 1 to 5 were identified by analysis of cuticular 
hydrocarbons. 
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Figure 16. The 2-dimensional two principal component map for 
45 specimens of Anopheles maculcitus s.s. from five different 
locations in peninsular Malaysia. 
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Figure 17. The 2-dimensional two principal component map for 
61 specimens of Anopheles maculatus forms E and F by principal 
component numbers indicated in Tables 2 and 7-11. 
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CHAPTER V 
HOST PREFERENCE AND RESTING HEIGHT COMPARISON 
BETWEEN VECTOR AND NON-VECTOR FORMS OF 
THE ANOPHELES MACULATUS COMPLEX 
Introduction 
Host preference may be the most important factor in 
determining whether a mosquito species is a potential vector 
of human malaria. Moreover, divergence in host choice might 
be the initial stage of incipient speciation within species 
complexes such as in Anopheles insLCuletus • Currently, there 
is no experimental evidence to support this idea in the An. 
maculatus complex. One reason is the lack of standardized 
methods to accurately compare host selection behavior; 
another is difficulty in recognizing and rearing sibling 
forms. 
In this study, an attempt was made to compare mosquito 
behavior in an experimental hut designed so that human 
feeding preferences could be revealed. The use of a hut 
minimized the effect of many external factors that could 
bias the result such as differential flight range, range of 
attraction and wind direction. Our hut design was a 
modification of the one used by Gillies (1964, 1967) to 
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carry out experiments on host selection with the An. gambiae 
complex in Africa. 
The main objective was to assess differences in feeding 
preference between the putative vector form E and non-vector 
form F of the An. maculatus complex. The approach was to 
simultaneously expose, under the same conditions, human and 
bovid hosts located in two separate compartments in the hut. 
Unfed females of both An. maculatus forms were released in 
the third chamber situated between the two host rooms. 
Another objective of the experiment was to obtain 
general information about resting height (on the hut wall) 
of An. maculatus s.s. and to determine whether there were 
any differences between form E and form F. There are no 
previously published data on the indoor resting heights of 
An. maculatus s.l. The main reason might be that the 
majority of females of this species tend to exit the house 
shortly after feeding and rest outdoors during the day time 
(Gater 1933, Wharton 1951). However, there are records of 
many blood-fed An. maculatus s.l. resting on walls inside 
houses during early morning but leaving during sunrise 
(Wallace 1948). Knowledge concerning the level at which An. 
maculatus s.s. rest on hut walls can be useful for selective 
aPPlication of residual insecticides (Damar et al. 1981) 
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Materials and Methods 
Test Specimens 
Two forms of the An. maculatus complex were used m the 
experiments. Anopheles maculatus form E, the putative 
vector form, was obtained from a colony at the U.S. Army 
Medical Research Unit (USAMRU), Institute for Medical 
Research, Kuala Lumpur. The colony was established in 1986 
from man-biting females collected at Kampong Star, Gua 
Musang, Kalantan, a heavily malarious area in the northern 
part of the Malay Peninsula. Anopheles maculatus form F was 
obtained from a colony first established at the Department 
of Biology, Faculty of Science, Mahidol University, Bangkok. 
Colony material originated in 1984 from a man-biting 
collection at Ban Moh Mai Khaen, Mou Si Canton, Pakchong, 
Nakorn Ratchasima in the upper middle part of Thailand. 
Live colony larvae were transferred and reared to adults at 
the mosquito insectary in Kuala Lumpur. 
Human and Calf Hosts 
Human hosts for this experiment were young male, 2 0 to 
3 0 years of age and weighing 70-80 kg. All human hosts were 
Malays. Three different humans were used as hosts in the 
first series of experiment when the entry windows were open 
all night; two of the same hosts were used in the second 
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series of experiments when the entry windows were closed at 
midnight. 
The calf host (Fig. 22b) was purchased for this 
experiment and was maintained at the Department of Animal 
Science, University of Malaya, Kuala Lumpur. It was a black 
male calf that was about six months old and weighed about 60 
kg at the start of the experiment. 
Experimental Hut 
The experimental hut was built in 1986 on the campus of 
the University of Malaya in Kuala Lumpur (Fig. 18). The hut 
plans and dimensions are shown in Figs. 19, 20, and 21. The 
hut had three separate compartments. Both side compartments 
were used as bait rooms. One compartment was provided with 
a camp bed and pillow for the human host (Fig. 22a); the 
4 
other compartment was provided with a large aluminum tray to 
retain excrement and a water container for the young calf 
(Fig. 22b). The central compartment served as the releasing 
chamber (Fig. 23a). Each host room had an exterior screened 
window for ventilation, an interior sliding door for host 
access and an interior window for mosquito access (Fig. 
23b). For ventilation, all three compartments had a 
screened roof for ventilation above which was situated a 
sloping roof for protection from wind, rain and sun. 
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Host Preference Tests 
About 100-150, sugar-fed, 3 to 7 day old female 
mosquitoes were starved for one day before being transferred 
to a one-gallon cardboard cage. The mosquito cage was 
placed in the release room between 1900 and 2000 hr on each 
test night. At the same time, the tethered young calf and 
sleeping man occupied their assigned rooms for the entire 
night. The man and calf rooms were alternated on successive 
test nights to equalize any effect of residual odor. Once 
the hosts entered their respective rooms, both interior 
sliding doors were closed for the remainder of the night. 
Entry windows above the doors leading to the host rooms were 
kept open all night in one experiment and closed at about 
2400 hr in another. Mosquitoes were released from the cage 
in the middle of the release room at approximately 2000 hr. 
On the following morning, the interior windows were 
closed and the hosts were removed either at 0500 hr (before 
sunrise) or 0700 hr (after sunrise) . This was done to test 
the effect of sunlight on mosquito movement. After removing 
the hosts, the sliding doors were closed and resting 
mosquitoes in each room were collected by mouth aspirator. 
Blood meals from engorged females were smeared on filter 
paper, labelled, and dried in a desiccator for later 
identification by the capillary precipitin technique. 
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Blood Meal Identification 
Blood meals were identified at the University of 
Massachusetts with the capillary precipitin technique 
(Tempelis and Lofy 1963, Edman 1971). 
Each blood smear was cut from the filter paper and 
placed in 1.5 ml polypropylene microcentrifuge tube 
containing 0.5 ml of 0.85% phosphate buffered saline at pH 
7.2. After extraction overnight in the refrigerator (5°C), 
blood meals were then tested with human and bovine antisera 
in capillary microhematocrit tubes (non-heparinized) . The 
blood meal extract was first drawn into the tube by 
capillary action; then, approximately the same amount of 
antiserum was drawn into the same tube and the tube tilted 
to bring the reagents into the middle section of the tube. 
j % 
The tip of the capillary tube was wiped each time before 
dipping in the antiserum vial to avoid contamination. The 
bottom of the tube was sealed by insertion into plasticine. 
In positive reactions, a cloudy zone of precipitate occurred 
at the interface between extract and antiserum. 
Resting Height Tests 
The 200 cm high inner walls of all hut compartments 
were divided horizontally into four equal levels (each 50 cm 
wide) by chalk lines. Resting mosquitoes were collected at 
0500-0600 hr (before sunrise) in one series of experiments 
and at 0700-0800 hr (after sunrise) in another series of 
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experiments. They were aspirated into separate collections 
from each level, starting with the lowest level and working 
upward. Specimens from each host room also were separated 
into different containers. The number of mosquitoes in each 
collection was then counted and the blood-fed specimens 
processed. 
Statistical Data Analysis 
Data obtained in this study were entered into a PC 
computer. Chi-square test from the Statistix software 
package (NH Analytical Software, Roseville, MN) was carried 
out for all statistical data analysis. Significant 
differences were determined at 95% confidence level 
(p<0.05). Comparisons were made for host attraction and 
feeding success between An. maculatus forms E and F after 
release in an experimental hut baited with a calf and a man. 
The first and the second series of experiments, based on the 
condition of entry windows, were compared separately. 
Resting height between An. maculatus forms E and F at four 
different levels of the hut walls was compared. In 
addition, comparison was made on the number of both forms 
resting at four different levels before sunrise (approx. 
0500-0600 hr) vs after sunrise (approx. 0700-0800 hr) . 
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Results 
Comparison of Host Preferences 
Results of host attraction with forms E and F of the 
An. maculatus complex are shown in Table 14. In the first 
series of experiments, when both entry windows were open all 
night, there was no significant difference between the 
proportion of form E and form F collected in the calf room 
vs the man room (p<0.05) . Both forms were more numerous in 
the calf room. Attraction ratios between calf and man were 
2.34:1 for form E and 2.48:1 for form F. 
In the second series of experiments, both entry windows 
were closed at midnight to prevent further mosquito 
reorientation between rooms. A significant difference in 
host choice between forms was detected (p<0.05). The number 
of form E was higher in the man room when compared to the 
first series of experiments. However, the percentage of 
both forms attracted to the calf was still higher than that 
attracted to the man. Attraction ratios of calf to man were 
1.02:1 for form E and 3:1 for form F. 
In both series of experiments, a rather constant 
proportion of mosquitoes was collected in the release room. 
When entry windows were open all night, the number of blood- 
fed mosquitoes in the release room was about twice that when 
the windows were closed. This indicates that many of the 
blood-fed mosquitoes in the release room flew out of the 
host rooms after midnight. 
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Table 15 is a comparison of the number of blood-fed An. 
maculatus forms E and F found in the calf and man rooms. 
There were no significant differences between the number of 
blood-fed mosquitoes of both forms when the entry windows 
were open all night (p<0.05). The blood-fed ratios of 
mosquitoes recovered in the calf room vs the man room were 
2.44:1 for form E and 3.05:1 for form F. When the entry 
windows were closed at midnight, a significant difference in 
the number of blood-fed between the two forms was detected 
(p<0.05) . The blood-fed ratios in the calf room vs the man 
room were 1.02:1 for form E and 3.05:1 for form F. 
Precipitin Test Results 
A total of 816 blood-fed specimens of An. maculatus 
forms E and F were tested for the source of their blood 
■t 
meal. The purpose was to determine the proportion of 
mosquitoes that remained in the same host room in which they 
fed. Results indicate little movement of either form from 
one room to another (Table 16) . At least 95% of all females 
recovered had fed on the host in the room from which they 
were collected. Thus, the host in the room from which 
engorged mosquitoes were collected generally represents the 
blood source. 
When both entry windows were open all night, there was 
more inter-room movement by blood-fed form E than by form F. 
Four recovered specimens of form E had fed on both hosts; 
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one was found in each host room and two were found in the 
release room. There were more specimens of both forms with 
bovine blood in the release room. Therefore, the proportion 
of mosquitoes feeding on calf was slightly higher than that 
calculated from the two host rooms alone. 
Comparison of Resting Height 
A total of 785 An. maculatus form E and 415 An. 
maculatus form F were collected at four different resting 
levels on the hut walls. In both series of experiments, 
there were no significant differences in indoor resting 
height between the two forms (p<0.05) (Table 17). However, 
significant differences in the number of mosquitoes resting 
among levels before and after sunrise were detected (p<0.05) 
(Table 18) . From 0500 to 0600 hr, when it was still dark, 
more mosquitoes were collected at the lowest level of the 
hut wall than from 0700 to 0800 hr. In contrast, more 
mosquitoes were collected at the top level from 0700 to 0800 
hr when it had become daylight than from 0500 to 0600 hr. 
Discussion 
As had been hypothesized, form E from peninsular 
Malaysia appears to be somewhat more anthropophilic than 
form F from the upper middle part of Thailand. However, 
these difference is probably not sufficient in itself to 
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windows were open clearly affected the results. This may 
have been caused by the restlessness of the human host which 
eventually led the mosquitoes to fly out the open window and 
attack the bovid host. When the entry windows were closed 
at midnight, mosquitoes were more confined to the host room 
that they initially selected. Since there was no 
opportunity for these mosquitoes to reorient after midnight, 
they may have persistantly attempted to feed on the sleeping 
human host throughout the night. Perhaps for the same 
reason, the number of unfed mosquitoes in the host rooms was 
also slightly less in comparison with the situation when 
both windows were open all night. 
Results would have been more comparable had both forms 
been marked with different fluorescence dyes and tested on 
the same nights. This was planned but was not possible due 
to the inability to obtain sufficient numbers of both forms 
at the same time. 
Studies on selection for host preference in the An. 
gambiae complex by Gillies (1964) in Africa concluded that 
there was a certain degree of polymorphism involved in host 
preference. Thus, behavioral change could be partly 
influenced by natural or artificial selection. It is 
possible that changes in the environment and in host 
availability lead to changes in the feeding behavior of 
mosquitoes. In the case of the An. maculatus complex, host 
availability may be an important factor in determining host 
choice. Anopheles maculatus form E, the putative vector 
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form in peninsular Malaysia, fed more readily on man m 
these experiments than is indicated in older literature 
(Wharton 1951, 1953). I observed no bovid hosts near human 
habitation in most of the aboriginal villages located at the 
hilly jungle borders which constitute the primary habitat of 
An. maculatus form E. Cattle sheds, if present, were 
usually some distance away from villages. In the absence of 
bovines, form E might develop behaviors which lead to 
greater success in feeding on human hosts. The fact that 
host choice in An. maculatus forms E and F is so flexible 
means that villagers might benefit from placing their cattle 
sheds at the periphery of their habitations. In the long 
run, this zooprophylactic practice could prevent further 
selection favoring human hosts and thereby reduce malaria 
transmission. 
At present, there is no evidence of any difference in 
susceptibility to malarial parasites between An. maculatus 
forms E and F. However, in these experiments only form E 
females were recovered with blood from both human and bovid 
hosts. This might indicate a greater tendency toward 
interrupted and multiple feeding which would provide form E 
with a greater vectorial capacity for malaria transmission. 
No significant differences in resting height on the hut 
walls were detected between An. maculatus forms E and F. 
However, the effect of sunrise caused significant 
differences in the number of both forms resting at four 
different levels. The high number of mosquitoes resting at 
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the top level after sunrise was apparently the result of 
movement to the lightest level near the screened ceiling in 
an effort to exit the hut when it became daylight. This 
supports the previous assumption that An. maculatus s.l. 
only enter houses to search for a blood meal and tend to 
leave soon after feeding or at the first light of dawn. The 
normal resting places of this species during the day are 
outside (Gater 1933, Wallace 1948, Wharton 1950). The 
finding that An. maculatus s.s. prefer to rest below 50 cm 
and above 150 cm as compared to the levels inbetween, may be 
useful in planning more effective or economical insecticide 
spraying. 
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Table 14. Host attraction of Anopheles maculatus^ form ^ 
and F after release in an experimental hut baited with a 
calf and a man. 
% of Mosquitoes Recovered (No.) 
Mosq 
Form 
Hours 
. Window 
Opena Rep. 
Total 
No. 
Recovered 
Calf 
Room 
Man 
Room 
o 
Release X 
Room Test 
E 1900-0700 6 394 51.0 
(201) 
21.8 
(86) 
27.2 
(107) 
1. Ins 
F 1900-0700 2 112 55.4 
(62) 
22.3 
(25) 
22.3 
(25) 
E 1900-2400 5 391 35.4 
(137) 
34.5 
(135) 
30.4 
(119) 
34.8* 
F 1900-2400 4 303 56.4 
(171) 
18.8 
(57) 
24.8 
(75) 
a Condition of the two interior windows connecting the 
release room with the host rooms. 
ns No significant differences between forms at p<0.05 
* Significant differences between forms at p<0.05 
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Table 15. Comparison of feeding success of Anopheles 
maculatus forms E and F recovered in an experimental nut 
baited with a calf and a man. 
% of Blood- -fed Mosquitoes’ (No.) 
Mosq 
Form 
Hours 
. Window 
Opena Rep. 
Total 
No. 
Blood-fed 
Calf 
Room 
Man 
Room 
Release X2 
Room Test 
E 1900-0700 6 306 62.1 
(190) 
25.5 
(78) 
12.4 
(38) 
0.6ns 
F 1900-0700 2 93 65.6 
(61) 
21.5 
(20) 
12.9 
(12) 
E 1900-2400 5 294 46.3 
(136) 
45.2 
(133) 
8.5 
(25) 
3 6.1* 
F 1900-2400 4 237 72.2 
(171) 
23.6 
(56) 
4.2 
(10) 
a Condition of the two interior windows connecting the 
release room with the host rooms. 
ns No significant differences between forms at p<0.05 
* Significant differences between forms at p<0.05 
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Table 16. Precipitin test results f J£°f r|°^d°from 
engorged Anopheles maculatus forms E an 
different rooms of the experimental h 
Origin of Mosquitoes 
Mosq. 
Form 
Hours 
Window 
Opena 
No. 
Test*3 
Blood 
Source 
Calf 
Room 
%(No.) 
Man 
Room 
%(No.) 
Release 
Room 
%(No.) 
E 1900-0700 276 Calf 
Man 
Both 
97.6(165) 
1.8(3) 
0.6(1) 
2.8(2) 
95.8(69) 
1.4(1) 
68.6(24) 
25.7(9) 
5.7(2) 
F 1900-0700 93 Calf 
Man 
100.0(61) 
0.0(0) 
5.0(1) 
95.0(19) 
83.3(10) 
16.7 (2) 
E 1900-2400 170 Calf 
Man 
100.0(80) 
0.0(0) 
0.0(0) 
100.0(79) 
63.6(7) 
36.4(4) 
F 1900-2400 237 Calf 
Man 
100.0(171) 
0.0(0) 
0.0(0) 
100.0(56) 
40.0(4) 
60.0(6) 
a Condition of the two interior windows connecting the 
release room with the host rooms. 
k Total number of blood-fed mosquitoes that had their 
blood meals identified by precipitin test. 
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Table 17. Comparison of resting height between Anopheles 
maculatus forms E and F at four different levels of the hut 
walls. 
% Resting at Each Level (NO. ) 
Mosq. 
Form 
Collection 
Hoursa Rep. 
0-50 
(cm) 
50-100 
(cm) 
100-150 
(cm) 
150-200 X2 
(cm) Test 
E 05-0600 5 31.0 
(121) 
16.1 
(63) 
18.2 
(71) 
34.8 
(136) 
4.62ns 
F 05-0600 4 33.7 
(102) 
12.9 
(39) 
13.9 
(42) 
45.5 
(120) 
E 07-0800 6 21.1 
(83) 
14.2 
(56) 
11.2 
(44) 
53.6 
(211) 
0.96ns 
F 07-0800 2 - 18.8 
(21> 
14.3 
(16) 
14.3 
(16) 
52.7 
(59) 
a Released mosqitoes were collected the following morning 
before sunrise (approx. 0500-0600 hr) or after sunrise 
j(approx. 0700-0800 hr). 
ns No significant differences between forms at p<0.05. 
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the number of Anopheles 
at four different levels Table_18. Effect of sunrise on 
maculatus forms E and F resting 
of the hut walls. 
% Resting at Each Level (NO.) 
Collection 
Hoursa 
Total 
No. 
Recovered 
0-50 
(cm) 
50-100 
(cm) 
100-150 
(cm) 
150-200 
(cm) 
X2 
Test 
05-0600 694 32.1 
(223) 
14.7 
(102) 
16.3 
(113) 
36.9 
(256) 
36.5* 
07-0800 506 20.6 
(104) 
14.2 
(72) 
11.9 
(60) 
53.4 
(270) 
a Released mosquitoes were collected in the following 
morning before sunrise (approx. 0500-0600 hr) or after 
sunrise (approx. 0700-0800 hr). 
s significant differences between collection hours at 
p<0.05 
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Figure 18. The experimental hut built on campus of the 
University of Malaya, Kuala Lumpur, Malaysia. 
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Figure 19. Outside view plan and dimensions of the 
experimental hut. 
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Figure 20. Inside view plan and dimensions of the 
experimental hut. 
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Figure 21. Diagrams of the experimental hut A) top view B) 
interior window and interior sliding door. 
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Figure 22. View of the host rooms inside the experimental hut 
A) the man room provided with camp bed and pillow B) the calf 
room showing experimental calf after completion of 
experiments. Note: host rooms were rotated each night. 
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Figure 23. View of the experimental hut A) middle compartment 
where test mosquitoes were released B) interior window for 
mosquito access and interior sliding door for host access. 
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CHAPTER VI 
CORRELATION OF FEMALE BODY SIZE OF ANOPHELES MACULATUS 
SENSU STRICTO WITH MALARIA INFECTION IN 
PENINSULAR MALAYSIA 
Introduction 
Recent studies have revealed that important mosquito 
vector species exhibit significant body size variation 
within their natural populations (Bock and Milby 1981, 
Haramis 1983, Reisen et al. 1984, Fish 1985, Haramis 1985, 
Nasci 1986a,b, 1987, Walker et al. 1987, Landry et al. 1988, 
Nasci 1988) . Moreover, increased body size has been shown 
to be correlated with increased survival and parity in some 
field populations. Longevity is a critical element in 
vectorial capacity since older parous females are more 
likely to be infected with transmittable pathogens than are 
young nulliparous females (Detinova 1962, 1968, Ungureanu, 
1974) . Thus, body size may be one indicator of vector 
potential. 
The effect of body size on vector competence has been 
investigated in the laboratory with Aedes triseriatus 
(Grimstad and Haramis 1984) and Culex tritaeniorhynchus 
(Baqar et al. 1980). It was proposed that smaller 
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individuals of both of these vectors were more susceptible 
to viral infections. However, there are no field data 
available to support this suggestion. In addition, no 
research has been carried out on the effect of body size of 
Anopheles mosquitoes on laboratory susceptibility to malaria 
parasites or on their capacity to transmit malaria in the 
field. 
Wing length was used as an index of body size since it 
is directly correlated with dry weight (Christophers 1960, 
Haramis 1983, 1985, Nasci 1986a,b, 1987, Landry et al. 1988, 
Nasci 1988). 
The present study investigated the variation in body 
size among natural, host-seeking populations of Anopheles 
maculatus sensu stricto, the primary malaria vector in 
peninsular Malaysia, southern Thailand and the Indonesian 
Island of Sumatra (Coveil 1944, Colless 1948, Hodgkin 1956, 
Wharton et al. 1968) . The objectives of this study were: 1) 
to determine the seasonal variation in body size of An. 
maculatus s.s. and its relationship to local malaria 
outbreaks, 2) to determine if there are significant body 
size differences between parous and nulliparous host-seeking 
females, and 3) to compare the body size of infected and 
uninfected cohorts. 
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Materials and Methods 
Mosquito Collections 
Collections of wild—caught female An. ma.cula.tus s.s. 
were made during 1987-88 by personnel from the Department of 
Medical Entomology, the U.S. Army Medical Research Unit 
(USAMRU), Institute for Medical Research, Kuala Lumpur, 
Malaysia. Collection areas were in aboriginal settlements 
near Pos Legap, about 40 km northeast of Sungai Siput, 
Perak, Malaysia. All specimens were taken by human-bare-leg 
collections in indoor and outdoor sites from 2 000 to 0600 
hr. 
The wings from each individual An. maculatus s.s. were 
placed in a glass vial for shipment to the University of 
Massashusetts for wing measurement. 
Specimen Dissection 
After removal of the wings, each specimen was placed on 
a glass microscope slide in a drop of saline solution. 
Ovaries were dissected and examined to determine parity 
(Detinova 1962). The midgut was also pulled out and placed 
on a drop of 5% mercurochrome solution for 2-3 min then 
placed on a slide to examine for the presence of oocysts 
(Bruce-Chwatt 1985). Finally, the salivary glands were 
removed from the body and examined for sporozoites (Bruce- 
Chwatt 1985). Oocysts were counted, when present, and an 
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estimate was made of the number of sporozoites in positive 
glands. Dissection results were confirmed by ELISA tests 
(Burkot et al. 1981). 
Wing Measurement 
Measurements were made with a binocular dissecting 
microscope equipped with an ocular micrometer. Both wings 
of each specimen were placed on a glass microscope slide and 
covered with another slide to keep the wings immobile and 
flat for measurement. The distance measured was from the 
axillary incision at the base of the costa to the apical 
margin excluding the fringe of scales (Haramis 1983) . Since 
preliminary measurement of several pairs of wings showed no 
differences between the left and right, only the right wing 
was measured unless it was damaged. Statistical comparison 
of wing lengths was carried out on a PC computer using two- 
sample t tests of the Statistix software package (NH 
Analytical Software, Roseville, MN). 
Results 
Body Size of Parous vs Nullioarous Cohorts 
A total of 660 female An. maculatus s.s. from 
peninsular Malaysia were analyzed in this study. Wing 
lengths ranged from 2.28 mm to 3.20 mm with a mean of 2.78 
mm and a standard error of 0.01 mm. 
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The body size of parous females was larger on average 
than that of nulliparous females (Table 19) . The mean wing 
length of parous females, including both infected and 
uninfected, was 2.80 mm with a standard error of 0.01 mm and 
a range from 2.32 mm to 3.20 mm. This was significantly 
longer than nulliparous females which had a mean of 2.75 mm 
with a standard error of 0.02 mm and a range from 2.28 mm to 
3.04 mm. 
Body Size of Infected vs Uninfected Cohorts 
Variation in wing length among infected parous, 
uninfected parous and uninfected nulliparous host—seeking 
cohorts is shown in Tables 20 and 21. All infected 
specimens were parous. There were no significant 
differences in wing length between infected (mean = 2.80 mm, 
S.E. = 0.02 mm) and uninfected parous females (mean = 2.79 
mm, S.E. = 0.01 mm). However, significant differences in 
wing length were detected between the uninfected nulliparous 
(mean = 2.75 mm, S.E. = 0.02 mm) and the infected parous 
cohorts (mean = 2.80 mm, S.E. = 0.02 mm). 
Body Size of Oocyst Infected vs Sporozoite Infected Cohorts 
Specimens infected only with oocysts were compared with 
those infected with sporozoites or both oocysts and 
sporozoites. Results shown in Table 22 indicate that the 
wing length of specimens with only oocysts (mean = 2.86 mm, 
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S.E. = 0.03 mm, range = 2.56 - 3.16 mm) was significantly 
longer than for those with sporozoites (mean = 2.73 mm, S.E. 
= 0.03 mm, range = 2.52 - 2.96 mm). However, no correlation 
was found between the number of oocysts or sporozoites and 
the body size of female An. maculatus s.s. collected in the 
field (Table 23 and 24). 
Discussion 
j* 
These studies show that there is variation in the body 
size of wild host-seeking populations of An. maculatus s.s. 
in peninsular Malaysia. The larger mean size of this vector 
species from March to June coincides with malaria 
transmission in peninsular Malaysia which usually reaches a 
major peak around May (Sandosham 1965). A secondary malaria 
peak occurs around November but we had no mosquito 
collections from this period for comparison. While by no 
means conclusive, our data at least suggest a possible 
relationship between female body size and malaria vectorial 
capacity in the field. 
Body size difference between parous and nulliparous 
host-seeking populations of An. maculatus s.s. is consistent 
with results found in most field studies of other mosquito 
species in North America. Both nulliparous and parous host¬ 
seeking populations may be larger than the emerging 
nulliparous population. Many of the smallest emerging 
females may not survive long enough or disperse far enough 
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to successfully obtain their first blood meal. Nasci 
(1986a) reported that Ae. aegypti females from the emerging 
population were significantly smaller when compared with the 
nulliparous host-seeking population. If this is also true 
in An. maculatus s.s., then the size differences between 
parous and nulliparous females are greater than were 
detected in my study. 
Larger mosquitoes take larger blood meals, therefore, 
the number of oocysts found in the gut should increase with 
increasing body size of the mosquito. According to this 
assumption, the larger the mosquito vector, the greater its 
vectorial capacity, especially when the density of parasites 
in the blood is marginally infective. However, robust 
mosquitoes may be more resistant to parasite infection and 
dissemination. In this study, no correlation was detected 
between the number of oocysts or sporozoites and the body 
size of infected Anopheles. This might result because 
individual mosquitoes were infected with different parasite 
loads from different human hosts. Alternatively, it could 
result from increasing levels of resistance among larger 
females. This is suggested by the fact that sporozoite- 
infected females were significantly smaller than females 
having only oocyst infections. It is well known that not 
all oocyst infections result in subsequent salivary gland 
sporozoite infections. However, the mechanism of this 
hemolymph or salivary gland based resistance is not known. 
139 
It is conceivable that such resistance may be greater among 
larger, more robust females. 
Table 19. Comparison of wing lengths between parous and 
nulliparous host-seeking Anopheles maculatus s.s. females 
collected near Pos Legap, Perak, Malaysia. 
Wing Length (mm) 
Collection Parous Nulliparous 
_ • a _ a . _ _ . _ a . . 
Period Total (X ± S. E.) Total (X ± S .E.) T-test 
6/87 59 2.72 + 0.02 26 2.63 + 0.03 0.0322* ** 
3/88 51 2.96 + 0.02 34 2.88 + 0.02 0.0117** 
5/88 125 2.81 + 0.01 35 2.77 + 0.02 0.0554ns 
6/88 161 2.77 + 0.01 49 2.70 + 0.03 
«• 
0.0336** 
Total 396 2.80 + 0.01 144 2.75 + 0.02 0.0018*** 
ns No significant differences at p<0.05 
** Significant differences at p<0.05 
*** Significant difference at p<0.01 
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Table 20. Comparison of wing lengths between infected 
parous and uninfected parous Anopheles maculatus s.s. 
females from human biting collections taken near 
Pos Legap, Perak, Malaysia. 
Wing Length (mm) 
Collection 
Period Total 
Infected 
Parous 
(X ± S.E.) 
Total 
Uninfected 
Parous 
(X ± S.E.) 
T-test 
6/87 2 2.78 + 0.02 57 2.72 + 0.02 0.6238ns 
1/88 24 2.73 + 0.03 96 2.75 + 0.01 0.6349ns 
3/88 3 2.99 + 0.06 48 2.95 + 0.02 0.6394ns 
5/88 15 2.83 + 0.04 110 2.81 + 0.02 0.6886ns 
6/88 10 2.90 + 0.04 151 2.76 + 0.01 0.0076* ** 
Total 54 2.80 + 0.02 462 2.79 + 0.01 0.4234ns 
ns No significant differences at p<0.05 
** Significant differences at p<0.05 
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Table 21. Comparison of wing lengths between infected 
parous and uninfected nulliparous Anopheles maculatus s.s. 
females from human biting collections taken near Pos Legap, 
Perak, Malaysia. 
Wing Length (mm) 
Collection 
Period Total 
Infected 
Parous 
(X ± S.E.) 
Uninfected 
Total Nulliparous 
(X ± S.E.) 
T-test 
6/87 2 2.78 + 0.02 26 2.63 - 0.03 0.2833ns 
3/88 3 2.99 + 0.06 34 2.88 - 0.02 0.1549ns 
5/88 15 2.83 + 0.04 35 2.77 ± 0.02 0.1220ns 
6/88 10 2.90 + 0.04 49 2.70 ± 0.03 0.0058** 
Total 30 2.87 + 0.02 144 2.75 ± 0.02 0.0015*** 
ns Non-significant differences at p<0.05 
** Significant differences at p<0.05 
*** Significant difference at p<0.01 
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Table 22. Comparison of wing lengths between Anopheles 
maculatus s.s. females infected with only oocysts and those 
infected with both oocysts and sporozoites or sporozoites 
alone. 
• Wing Length (mm) 
Infection Total X + S. E. Range 
Oocysts 32 2.86 ± 0.03*** 2.56 - 3.16 
Sporozoites 22a 2.73 ± 0.03*** 2.52 - 2.96 
a Include 3 specimens with both oocysts and sporozoites 
*** Significant differences at p<0.01 
Table 23. Number of oocysts vs wing lengths n-F 
maculatus s.s. collected near Pos Legap, Perak, 
Anopheles 
Malaysia. 
Wing Length (mm) 
No. of Oocysts Total (X ± SE) Range 
1-5 25 2.86.+ 0.03ns 2 
.56 - 3.16 
>5 11 2.77 + 0.05ns 2 
.52 - 3.04 
ns No significant differences at p<0.05 
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Table 24. Number of Sporozoites vs wing lengths of 
Anopheles maculatus s.s. collected near Pos Legap, Perak, 
Malaysia. 
No. Sporozoites/Lobe Total 
Wing Length (mm) 
(X + SE) T-Test 
1-25 3 2.59 + 0.07 ns 
26 - 50 2 2.76 + 0.08 ns 
51 - 100 2 2.74 + 0.22 ns 
101 - 300 6 2.77 + 0.04 ns 
301 - 500 4 2.70 + 0.10 ns 
> 500 4 2.75 + 0.07 ns 
ns No significant differences at p<0.05 
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Figure 24. Frequency distribution of wing lengths of 
Anopheles ma.cula.tus s.s. from June 1987 collections taken near 
Pos Legap, Perak, Malaysia. Arrows indicated the presence of 
infected specimens. 
145 
jaqujnjM |D}oj_ 
146 
W
in
g 
L
en
gt
h 
(m
 
Figure 25. Frequency distribution of wing lengths of 
Anopheles maculatus s.s. from January 1988 collections taken 
near Pos Legap, Perak, Malaysia. Arrows indicated the 
presence of infected specimens. Note: Nulliparous cohorts are 
not available. 
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Figure 26. Frequency distribution of wing lengths of 
Anopheles maculatus s.s. from March 1988 collections taken 
near Pos Legap, Perak, Malaysia. Arrows indicated the 
presence of infected specimens. 
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Figure 27. Frequency distribution of wing lengths of 
Anopheles maculatus s.s. from May 1988 collections taken near 
Pos Legap, Perak, Malaysia. Arrows indicated the presence of 
infected specimens. 
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Figure 28. Frequency distribution of wing lengths of 
Anopheles maculatus s.s. from June 1988 collections taken near 
Pos Legap, Perak, Malaysia. Arrows indicated the presence of 
infected specimens. 
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CHAPTER VII 
CONCLUSIONS 
The following conclusions can be drawn as a result of 
this study: 
Individual adult females of the two chromosomal forms E 
and F of An. maculatus sensu stricto can be distinguished by 
gas chromatographic (GC) analysis of cuticular hydrocarbons. 
The chromatographic pattern of both forms show 17 major 
peaks that are consistent in all chromatograms. There are 
no consistent qualitative differences between forms in the 
normalized average areas of the 17 major peaks. Five of the 
17 peaks are quantitatively different between form E and 
form F. The first three peaks, which are all doublets, are 
significantly different at the 99.5% confidence level; the 
other two peaks are significantly different at the 99.95% 
confidence level. Separation of both forms was done by 
ranked order of the relative ratios obtained from the five 
normalized average peak areas. Principal components 
analysis, which was carried out to assess this method, shows 
that the pattern of form E is clumped together and well 
separate from that of form F in the principal components 
space. Eigenanalysis demonstrates that the first two 
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principal components explained 93.02% of the cumulative 
variance in the samples. 
Gas chromatography/mass spectrometry (GC/MS) analysis 
of five marker peaks, using both electron impact (El) and 
chemical ionization (Cl), shows that the first three peaks 
(1, 2 and 4) are partially resolved saturated and 
monounsaturated free fatty acids; the other two peaks (7 and 
13) are alkanes. The chemical components of the five marker 
peaks were identified as: myristoleic acid (C14:l) and 
myristic acid (C14:0) for peak 1, palmitoleic acid (C16:l) 
and palmitic acid (C16:0) for peak 2, oleic acid (C18:l) and 
stearic acid (C18:0) for peak 4, pentacosane (C25:0) for 
peak 7, and nonacosane (C29:0) for peak 13. 
Preliminary survey of An. ma.cula.tus forms E and F at 
five locations in peninsular Malaysia by analysis of 
cuticular hydrocarbons of FI progeny of field collected 
specimens indicates that both forms are present. Form E 
predominated in all locations except in the extreme south 
where only form F was identified. The relative ratios of 
the five marker peaks of most specimens from peninsular 
Malaysia match well with those from cytogenetically 
identified colony specimens of An. maculatus forms E and F. 
The principal components pattern of specimens identified as 
form E is clumped which indicates very similar cuticular 
hydrocarbons within this putative vector form. 
Eigenanalysis shows that the first two principal components 
covered 92.19% of the cumulative variance in the samples. 
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Host attraction, feeding success, and resting height of 
colony An. maculatus forms E and F were evaluated in an 
experimental hut baited with a man and a calf. Significant 
differences in host attraction and feeding success between 
forms were detected in one series of experiments when the 
two interior windows for mosquito access were closed at 
midnight but not in another series of experiments when these 
windows were open all night. Anopheles maculatus form E 
appear slightly more anthropophilic when compared to form F. 
No significant differences in resting height on the hut 
walls were detected between form E and form F. Both prefer 
to rest below 50 cm and above 150 cm more than at the other 
two middle levels. However, there are significant 
differences in the number of both forms resting at these 
four different levels when the mosquitoes were collected 
before sunrise (approx. 0500-0600 hr) vs after sunrise 
(approx. 0700-0800 hr). They tended to move upward with 
daylight and rested more at the top level near the screened 
ceiling in an apparent effort to leave the hut. 
The average wing length of 660 wild-caught An. 
maculatus form E females captured in human biting 
collections in malarious aboriginal villages was 2.78 mm 
with a standard error of 0.1 mm and a range from 2.28 mm to 
3.20 mm. wing length was used as an index of body size to 
study the correlation between body size of An. maculatus 
s.s. females and malaria infection in peninsular Malaysia. 
The body size of parous females was significantly larger on 
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average than that of nulliparous females. The average body 
size of infected parous and uninfected parous females was 
not significantly different but significant differences in 
average body size were detected between the infected parous 
and uninfected nulliparous females. Average body size of 
An. maculatus s.s. females infected with oocysts only was 
significantly larger than those infected with both oocysts 
and sporozoites or sporozoites alone. However, there was no 
correlation between body size and the number of oocysts or 
sporozoites. 
158 
LITERATURE CITED 
Afifi, A.A. and Clark, V. 1984. Computer-Aided 
Multivariate Analysis. Wadsworth, Inc., Belmont, 
California. 
Avise, J.C. 1974. Systematic value of electrophoretic 
data. Syst. Zool. 23: 465-481. 
Ayala, F.J. 1983. Enzymes as taxonomic characters. Pp. 3- 
26. In: Oxford, G.S. and Rollinson, D. (eds.). 
Protein Polymorphism: Adaptive and Taxonomic 
Significance. Academic Press, London. 
Baker, G.L., Vroman, H.E., and Padmore, J. 1963. 
Hydrocarbons of the American cockroach. Biochem. 
Biophys. Res. Comm. 13: 360-365. 
Baqar, S., Hayes, C.G., and Ahmed, T. 1980. The effect of 
larval rearing conditions and adult age on the 
susceptibility of Culex tritaeniorhynchus to infection 
with West Nile virus. Mosq. News. 40: 165-171. 
Bar-Zeev, M. 1957. The effect of density on the larvae of 
the mosquito and its influence on fecundity. Bull. 
Res. Counc. Israel. 6B: 220-228. 
Bar-Zeev, M., Maibach, H.I., and Khan, A.A. 1977. Studies 
on the attraction of Aedes aegypti (Diptera: Culicidae) 
to man: carbon dioxide, relative humidity and moisture. 
J. Med. Entomol. 14: 113-120. 
Beament, J.W.L. 1961. The water relations of insect 
cuticle. Biol. Rev. 36: 281-320. 
Beier, J.C., Perkins, P.V., Wirtz, R.A., Koros, J., Diggs, 
D., Gargan II, T.P., and Koech, D.K. 1988. Blood meal 
identification by direct enzyme-linked immunosorbent 
assay (ELISA), tested on Anopheles (Diptera: Culicidae) 
in Kenya. J. Med. Entomol. 25: 9-16. 
Berlocher, S.H. 1984. Insect molecular systematics. Ann. 
Rev. Entomol. 29: 403-433. 
Bisby, F.A., Vaughan, J.G., and Wright, C.A. (eds.) 1980. 
Chemosvstematics: Principles and Practice. Academic 
Press, London. 
Blomquist, G.J. and Jackson, L.L. 1979. Chemistry and 
biochemistry of insect waxes. Prog. Lipid Res. 17: 
319-345. 
159 
Bock, M. and Milby, M. 1981. Seasonal variation of wing 
length and egg raft size in Culex tarsalis. Proc. 
Calif. Mosq. Vec. Cont. Assoc. 49: 64-66. 
Boorman, J., Mellor, P.S., Boreham, P.F.L., and Hewett, R.S 
1977. A latex agglutination test for the 
identification of blood meals of Culicoides (Diptera: 
Ceratopogonidae). Bull. Entomol. Res. 67: 305-311. 
Boreham, P.F.L. 
arthropod 
Art. News 
1972. Serological identification of 
blood meals and its application. PANS/Pest 
Sum. 18: 205-209. 
Boreham, P.F.L. 1975. Some applications of blood meal 
identifications in relation to the epidemiology of 
vector—borne tropical diseases. J. Trop. Med. Hyg. 
78: 83-91. 
Boreham, P.F.L. and Garrett-Jones, C. 1973. Prevalence of 
mixed blood meals and double feeding in a malaria 
vector (Anopheles sacharovi Favre). Bull. Wld. Hlth. 
Org. 48: 605-614. 
Bray, R.S., Gill, G.S., and Killick-Kendrick, R. 1984. 
Current and possible future technique for the 
identification of blood meals of vector haematophagous 
arthropods. Wld. Hlth. Org. Unpublished document 
WHO/VBC/84.905. 
Breeland, S.G. and Pickard, E. 1964. Insectary studies on 
longevity, blood feeding and oviposition behavior of 
four floodwater mosquito species in the Tennessee 
valley. Mosq. News. 24: 186-192. 
Bruce-Chwatt, L.J. 1985. Essential Malariology. John 
Wiley & Sons, Inc., New York. 
Bruce-Chwatt, L.J., Garrett-Jones, C., and Weitz, B. 1966. 
Ten years' study (1955-64) of host selection by 
anopheline mosquitoes. Bull. Wld. Hlth. Org. 35: 405- 
439. 
Bullini, L. 1983. Taxonomic and evolutionary inferences 
from electrophoretic studies of various animal groups. 
Pp. 179-192. In: Oxford, G.S. and Rollinson, D. 
(eds.). Protein Polymorphism: Adaptive and Taxonomic 
Significance. Academic Press, London. 
Burkot, T.R., Goodman, W.G., and DeFoliart, G.R. 1981. 
Identification of mosquito blood meals by enzyme-linked 
immunosorbent assay. Am. J. Trop. Med. Hyg. 30: 13 3 6- 
1341. 
160 
Carlson, D.A. and Beroza, M. 1973. Field evaluations of 
(Z)-9-tricosene, a sex attractant pheromone of the 
housefly. Environ. Entomol. 2: 555-559. 
Carlson, D.A. and Bolten, A.B. 1984. Identification of 
Africanized and European honey bees using extracted 
hydrocarbons. Bull. Entomol. Soc. Am. 30: 32. 
Carlson, D.A. and Mackley, J.W. 1985. Polyunsaturated 
hydrocarbons in the stable fly. J. Chem. Ecol. 1: 
195-202. 
Carlson, D.A. and Service, M.W. 1979. Differentiation 
between species of the Anopheles gamblae species 
complex (Diptera: Culicidae) by analysis of cuticular 
hydrocarbons. Ann. Trop. Med. Parasitol. 73: 589-592. 
Carlson, D.A. and Service, M.W. 1980. Identification of 
mosquitoes of Anopheles gambiae species complex A and B 
by analysis of cuticular components. Science. 207: 
1089-1091. 
Carlson, D.A. and Walsh, J.F. 1981. Identification of two 
West African blackflies (Diptera: Simuliidae) of the 
Simulium damnosum species complex by analysis of 
cuticular paraffins. Acta Tropica. 38: 235-239. 
Carlson, D.A., Langley, P.A., and Huyton, P. 1978. Sex 
pheromone of the tsetse fly: isolation, identification 
and synthesis of contact aphrodisiacs. Science. 201: 
750-753. 
Carlson, D.A., Mayer, M.S., Silhacek, D.L., James, J.D., 
Beroza, M., and Bierl, B.A. 1971. Sex attractant 
pheromone of the housefly: isolation, identification 
and synthesis. Science. 174: 57. 
Carlson, D.A., Nelson, D.R., Langley, P.A., Coates, T.W. , 
Davis, T.L., and Leegwater-Vander, L.M. 1984. Contact 
sex pheromone in the tsetse fly, Glossina pallidipes 
(Austen): identification and synthesis. J. Chem. Ecol. 
10: 429-450. 
Chooi, C.K. 1985. Status of malaria vectors in Malaysia. 
Southeast Asian J. Trop. Med. Publ. Hlth. 16: 133-138. 
Christophers, S.R. 1931. Studies on the anopheline fauna 
of India. Rec. Malar. Surv. India. 2: 323-332. 
Christophers, S.R. 1933. The Fauna of British India. 
Including Ceylon and Burma. Taylor & Francis, Inc., 
London. 
161 
Christophers, S.R. 1960. Aedesaegypti (L). The Yellow 
Fever Mosquito: Its Life History, Bionomics, and 
Structure. Cambridge Univ. Press, Cambridge. 
Clements, A.N. 1955. The sources of energy for flight in 
mosquitoes. J. Exp. Biol. 32: 547-554. 
Colless, D.H. 1948. The anopheline mosquitoes of Northwest 
Borneo. Proc. Linn. Soc. N.S.W. 73: 71-119. 
Collins, R.T. and Bang, Y.H. 1988. Mannual on the 
establishment of a gel diffusion laboratory to identify 
the blood meals of haematophagous arthropods. Wld. 
Hlth. Org. unpublished document SEA/VBC/38. 
Collins, R.T., Dash, B.K., Agarwala, R.S., and Dhal, K.B. 
1986. An adaptation of the gel diffusion technique for 
identifying the source of mosquito blood meals. Indian 
J. Malariol. 23: 81-89. 
Coveil, G. 1944. Notes on the distribution, breeding 
places, adult habits and relation to malaria of the 
anopheline mosquitoes of India and the Far East. J. 
Malar. Inst. India. 5: 399-434. 
Crans, W.J. 1969. An agar gel diffusion method for the 
identification of mosquito blood meals. Mosq. News. 
29: 563-566. 
Crawford, R. 1938. Some Anopheline Pupae of Malaya with A 
Note on Pupal Structure. Government Printer, 
Singapore. 
Damar, T., Fleming, G.A., Gandahusada, S. and Bang, Y.H. 
1981. Nocturnal indoor resting heights of the malaria 
vector Anopheles aconitus and other Anopheles (Diptera: 
Culicidae) in Central Java, Indonesia. J. Med. 
Entomol. 18: 362-365. 
Davidson, G. and Ganapathipillai, A. 1956. Observations on 
the bionomics of the adults of some Malayan anopheline 
mosquitoes. Ann. Trop. Med. Parasitol. 50: 137. 
Daykin, P.N. and Kellogg, F.E. 1965. A two air stream 
observation chamber for studying responses of flying 
insects. Can. Entomol. 97: 264-268. 
Detinova, T. 1962. Age grouping methods in Diptera of 
medical importance. Wld. Hlth. Org. Monogr. Series 
No. 47, 216 pp. 
Detinova, T. 
medical 
1968. Age 
importance. 
structure of insect populations of 
Ann. Rev. Entomol. 13: 427-450. 
162 
Dover, G. 1980. Problems in the use of DNA for the study 
of species relationship and the evolutionary 
significance of genomic differences. Pp. 241-268. In: 
Bisby, F.A., Vaughan, J.G., and Wright, C.A. (eds.). 
Chemosvstematics: Principles and Practice. Academic 
Press, London. 
Ebeling, W. 1974. Permeability of insect cuticle. Pp. 
271-343. In: Rockstein, M. (ed.). The Physiology of 
Insecta. Vol. VI. Academic Press, London. 
Edman, J.D. 1971. Host-feeding patterns of Florida 
mosquitoes. I. Aedes, Anopheles, Coquillettldia, 
Mansonia, and Psorophora. J. Med. Entomol. 8: 687- 
695. 
Edman, J., Cody, E., and Haramis, L. 1975. Blood-feeding 
activity of partially engorged Culex nigripalpus. 
Entomol. Exp. Appl. 18: 261-268. 
Edrissian, G.H. and Hafizi, A. 1982. Application of 
enzyme-linked immunosorbent assay (ELISA) to 
identification of Anopheles mosquito blood meals. 
Trans. Roy. Soc. Trop. Med. Hyg. 76: 54-56. 
Eliason, D.A. 1971. Identification of Mosquito Blood 
Meals: A Comparison of Selected Procedures. Dr.P.H. 
dissertation, Univ. North Carolina, Chapel Hill. 
Feinsod, F.M. and Spielman, A. 1979. An olfactometer for 
measuring host-seeking behavior of female Aedes aegypti 
(Diptera: Culicidae). J. Med. Entomol. 15: 283-285. 
Feinsod, F.M. and Spielman, A. 1980. Nutrient mediated 
juvenile hormone secretion in mosquitoes. J. Insect 
Physiol. 26: 113-117. 
Ferguson, A. 198(3. Biochemical Svstematics and Evolution. 
Blackie, Inc3, Glasgow. 
Fish, D. 1985. An analysis of adult size variation within 
natural mosquito populations. Pp. 419-430. in: 
Lounibos, L., Rey, J., and Frank, J. (eds.). Ecology 
of Mosquitoes: Proceedings of a Workshop. Florida Med. 
Entomol. Lab., Vero Beach. 
Flavell, R.B. 1982. Sequence amplification, deletion and 
rearrangement: major sources of variation during 
species divergence. Pp. 301-323. In: Dover, C.A. and 
Flavell, R.B. (eds.). Genome Evolution. Academic 
Press, London. 
163 
Garrett-Jones, C. 1964. The human blood index of malaria 
vectors in relation to epidemiological assessment. 
Bull. Wld. Hlth. Org. 30: 241-261. 
Garrett-Jones, C., Boreham, P.F.L., and Pant, C.P. 1980. 
Feeding habits of anopheline (Diptera: Culicidae) in 
1971-78 with reference to human blood index: a review. 
Bull. Entomol. Res. 70: 165-185. 
Gater, B.A.R. 1933. Notes on Malayan mosquitoes. II. 
Seasonal distribution. Malay. Med. J. 8:43. 
Gater, B.A.R. 1935. Aid to the Identification of 
Anopheline Imagines in Malaya. Singapore Press, 
Singapore. 
Gilby, A.R. and Cox, M.E. 1963. The cuticular lipids of 
the cockroach Periplaneta americana (L.). J. Insect 
Physiol. 9: 671-681. 
Gillies, M.T. 1964. Selection for host preference in 
Anopheles gambiae. Nature, London. 203: 852-854. 
Gillies, M.T. 1967. Experiments on host selection in the 
Anopheles gambiae complex. Ann. Trop. Med. Parasitol. 
61: 68-75. 
Gouck, H.K. 1972. Host preferences of various strains of 
Aedes aegypti and Aedes simpsoni as determined by an 
olfactometer. Bull. Wld. Hlth. Org. 47: 680-683. 
* 
Gouck, H.K. and Schreck, C.E. 1965. An olfactometer for 
use in the study of mosquito attractants. J. Econ. 
Entomol. 58: 589-590. 
Gould, D.T., Scanlon, J.E., and Ward, R.A. 1966. Anopheles 
vectors of malaria in Southeast Asia. Army. Sci. Cont. 
Proc. (Walter Reed Army Inst. Res.) 1: 341-373. 
Green, C.A. 1982. Cladistic analysis of mosquito 
chromosome data. J. Heredity. 73: 2-11. 
Green, C.A. and Baimai, V. 1984. Polytene chromosomes and 
their use in species studies of malaria vectors as 
exemplified by the Anopheles maculatus complex. Proc. 
15th Int. Cong. Genet. Dec. 1983, New Delhi. 
Green, C.A. and Hunt, R.H. 1980. Interpretation of 
variation in ovarian polytene chromosomes of Anopheles 
funestus Giles, Anopheles parensis Gillies, and 
Anopheles aruni. Genetica. 51: 187-195. 
164 
Green, C.A., Baimai, V., Harrison, B.A., and Andre, R.G. 
1985. Cytogenetic evidence for a complex of species 
within the taxon Anopheles maculatus (Diptera: 
Culicidae). Biol. J. Linn. Soc. 24: 321-328. 
Grimstad, P. and Haramis, L. 1984. Aedes triseriatus 
(Diptera: Culicidae) and La Crosse virus. III. Enhanced 
oral transmission by nutrient deprived mosquitoes. J. 
Med. Entomol. 21: 249-265. 
Hamilton, R.J., and Service, M.W. 1983. Value of cuticular 
and internal hydrocarbons for the identification of 
larvae of Anopheles gambiae Giles, Anopheles arabiensis 
Patton, and Anopheles melas Theobald. Ann. Trop. Med. 
Parasitol. 77: 203-210. 
Haramis, L.D. 1983. Increased adult size correlated with 
parity in Aedes triseriatus. Mosq. News. 43: 77-79. 
Haramis, L.D. 1985. Larval nutrition, adult body size, and 
the biology of Aedes triseriatus. Pp. 431-438. In: 
Lounibos, L., Rey, J., and Frank, J. (eds.). Ecology 
of Mosquitoes: Proceedings of a Workshop. Florida Med. 
Entomol. Lab., Vero Beach. 
Harris, R.L., Oehler, D.D., and Berry, I.L. 1976. Sex 
pheromones of the stable fly: affect on cuticular 
hydrocarbons of age, sex, species and mating. Environ. 
Entomol. 5: 973-977. 
Harrison, A.G. 1983. Chemical Ionization Mass 
Spectrometry. CRC Press, Inc., Boca Raton, Florida. 
Hawkes, J.G. (ed.) 1968. Chemotaxonomv and Serotaxonomy. 
Academic Press, London. 
Hawley, W. 1985. Population dynamics of Aedes sierriensis. 
Pp. 167-184. In: Lounibos, L., Rey, J., and Frank, J.’ 
(eds.). Ecology_of Mosquitoes: Proceedings of a 
Workshop. Florida Med. Entomol. Lab., Vero Beach. 
Hess, A.D., Hayes, R.O., and Tempelis, C.H. 1968. The use 
of the forage ratio technique in mosquito host 
preference studies. Mosq. News. 28: 386-389. 
Hocking, B. 1971. Blooding-sucking behavior of terrestrial 
arthropods. Ann. Rev. Entomol. 16: 1-26. 
» • # f D.G. 1948. Notes on the 
binomics of Anopheles gambiae and Anopheles funestus in 
East Africa. Bull. Entomol. Res. 39: 453—465. 
H°dgkin E.p. 195<5. The transmission of malaria in Malaya. 
Stud. Inst. Med. Res. Malaya. No. 27, 98 pp. 
165 
Hsoi, T. 1954. Egg production in Culex pipiens pallens 
Coquillet. IV. Influence of breeding conditions on wing 
length, body weight and follicle production. Jap. J. 
Med. Sci. Biol. 7: 129-134. 
Howard, R.W. and Blomquist, G.J. 1982. Chemical ecology 
and biochemistry of insect hydrocarbons. Ann. Rev. 
Entomol. 27: 149-172. 
Jackson, L.L. 1970. Cuticular lipids of insects. II. 
Hydrocarbons of the cockroaches: Periplaneta 
australasiae, Periplaneta brunnea, and Periplaneta 
fuliginosa. Lipids. 5: 38-41. 
Jackson, L.L. 1972. Cuticular lipids of insects. IV. 
Hydrocarbons of the cockroaches, Periplaneta japonica 
and Periplaneta americana compared to other cockroach 
hydrocarbons. Comp. Biochem. Physiol. 4IB: 331-336. 
Jackson, L.L. and Baker, G.L. 1970. Cuticular lipids of 
insects. Lipids. 5: 239-246. 
Jackson, L.L. and Blomquist, G.J. 1976. Insect waxes. Pp. 
201-233. In: Kolattukudy, P.E. (ed.). Chemistry and 
Biochemistry of Natural Waxes. Elsevier, Amsterdam. 
Jackson, L.L., Armold, M.T., and Regnier, F.E. 1974. 
Cuticular lipids of adult fleshflies, Sarcophaga 
bullata (Diptera: Sarcophagidae). Insect Biochem. 4: 
369-379. 
Jones, R.L., Lewis, W.J., Bowman, M.C., Beroza, M. , and 
Bierl, B.A. 1971. Host-seeking stimulant for parasite 
of corn earworm: isolation, identification and 
synthesis. Science. 173: 842-843. 
Kamhawi, S., Molyneux, D.H., Killick-Kendrick, R., Milliaan 
P.J.M., Phillips, A., Wilkes, T.J., and Killick- 
Kendrick, M. 1987. Two populations of Phlebotomus 
anasi in the Cevennes focus of leishmaniasis in the 
south of France revealed by analysis of cuticular 
hydrocarbons. Med. Vet. Entomol. 1: 97-102. 
Kay, B.H., Boreham, P.F.L., and Edman, J.D. 1979. 
Application of the "feeding index" concept to studies 
of mosquito host-feeding patterns. Mosq. News. 39: 
6 8—7 2 . 
Khan A.A., Maibach, H.I., Strauss, W.G., and Fenley 
1966. Quantitation of effect of several stimul 
approach of Aedes aegypti. j. Econ. Entomol. 
, W.R. 
i on the 
59: 690- 
166 
King, W.V. and Bull, C.G. 1923. The blood feeding habits 
of malaria-carrying mosquitoes. Am. J. Hyg. 3: 497- 
513. 
Klowden, M. and Lea, A. 1978. Blood meal size as a factor 
affecting continued host-seeking by Aedes aegypti (L). 
Am. J. Trop. Med. Hyg. 27: 827-831. 
Kowalski, B.R. and Bender, C.F. 1972. Pattern recognition: 
a powerful approach to interpreting chemical data. J. 
Am. Chem. Soc. 94: 5632. 
Landry, S.V., DeFoliart, G.R., and Hogg, D.B. 1988. Adult 
body size and survivorship in a field population of 
Aedes triseriatus. J. Am. Mosq. Cont. Assoc. 4: 121- 
128. 
Lavine, B.K. and Carlson, D.A. 1987. European bee or 
Africanized bee? Species identification through 
chemical analysis. Anal. Chem. 59: 468A-470A. 
Lockey, K.H. 1976. Cuticular hydrocarbons of Locusta, 
Schistocerca and Periplaneta, and their role in 
waterproofing. Insect Biochem. 6: 457-472. 
Lockey, K.H. 1980. Insect cuticular hydrocarbons. Comp. 
Biochem. Physiol. B65: 457-462. 
Louloudes, S.J., Chambers, D.L., Mayer, D.B., and Starkey, 
J.H. 1962. The hydrocarbons of adult houseflies. 
Ann. Entomol. Soc. Am. 55: 442-448. 
Magnarelli, L. 1977. Physiological age of mosquitoes and 
observations on partial blood-feeding. J. Med. 
Entomol. 13: 447. 
Marks, E.N. 1954. A Review of the Aedes scute11 air is 
subgroup with a study of variation in Aedes 
pseudoscutellaris (Theo). Bull. Brit. Mus. (Nat. 
Hist.) Entomol. 3: 349-414. 
Mayer, M.S. and James, J.D. 1969. Attraction of Aedes 
aegypti: responses to human arms, carbon dioxide and 
air currents in a new type of olfactometer. Bull 
Entomol. Res. 58: 699. 
Mayr, E. 1963. Animal Species and Evolution. Harvard 
Univ. Press, Cambridge. 
McClelland, G.A.H. and Conway, G.R. 1971. Frequency of 
blood feeding in the mosquito Aedes aegypti. Nature 
London. 232: 485-486. ' 
167 
McCombs, S. 1980. Effect of differential nutrition of 
larvae on adult fitness of Aedes triseriatus. 
Unpublished Masters thesis, Univ. of Notre Dame, Notre 
Dame, Indiana. 
McDaniel, C.A., Howard, R.W., Blomquist, G.J., and Collins, 
A.M. 1984. Hydrocarbons of the cuticle, sting 
apparatus and sting shaft of Apis mellifera L. : 
identification and preliminary evaluation as 
chemotaxonomic characters. Sociobiol. 8: 287-298. 
McDowell, P.G., Whitehead, D.L., and Chaudhury, F.B. 1981. 
The isolation and identification of the cuticular sex- 
stimulant pheromone of the tsetse Glossina pallidipes 
Austen (Diptera: Glossinidae). Insect Sci. Appl. 2: 
181-187. 
Mclver, S.B. 1968. Host preferences and discrimination by 
the mosquitoes Aedes aegypti and Culex tarsalis 
(Diptera: Culicidae). J. Med. Entomol. 5: 422-428. 
McKinney, R.M. , Spillane, J.T., and Holden, P. 1972. 
Mosquito blood meals: identification by a fluorescent 
antibody method. Am. J. Trop. Med. Hyg. 21: 999-1003. 
Miller, S. and Novak, R.J. 1985. Analysis of lipids by 
Uas“li<lliid chromatography and complementary methods in 
four strains of Aedes aegypti mosquitoes. Comp. 
Biochem. Physiol. 81B: 235-240. 
Milligan, P.J.M., Phillips, A., Molyneux, D.H., Subbarao, 
S.K., and White, G.B. 1986. Differentiation of 
Anopheles culicifacies Giles (Diptera: Culicidae) 
species hy analysis of cuticular components. 
Bull. Entomol. Res. 76: 529-537. 
Mitchell C. J. and Millian, K.Y., Jr. 1981. Continued 
Partlally engorged Culex tarsalis 
(Diptera: Culicidae) collected in nature. J. Med 
Entomol. 18: 249-250. 
Mitchell, C., Bowen, G., Monath, T., Cropp, c., and 
Kerschner, J. 1979. st. Louis encephalitis virus 
transmission following multiple feeding of Culex 
^L^leilS^pip:Lens durin<? a single gonotrophic cycle J Med. Entomol. 16: 254-258. cycle. j. 
Nasci, R. 1986a. The size of emerging and host-seekina 
ri^ ^ |g i ^ | p i . _ ^ ^f size to blood—feeding 
success in the field. J. Am. Mosq. Cont. Assoc. 2: 
168 
Nasci, R. 1986b. The relationship between mosquito body 
size and parity in field populations. Environ. 
Entomol. 15: 874-876. 
Nasci, R. 1987. Adult body size and parity in field 
populations of the mosquitoes Anopheles crucians, Aedes 
taenlorhynchus, and Aedes sollicitans. J. Am. Mosq. 
Cont. Assoc. 3: 636-637. 
Nasci, R. 1988. Biology of Aedes triseriatus (Diptera: 
Culicidae) developing in tires in Louisiana. J. Med. 
Entomol. 25: 402-405. 
Nayar, J.K. 1968. The biology of Culex nigripalpus 
Theobald (Diptera: Culicidae). II. Adult 
characteristics at emergence and adult survival without 
nourishment. J. Med. Entomol. 5: 203-210. 
Nayar, J.K. 1969. Effects of larval and pupal 
environmental factors on the biological status of 
adults at emergence in Aedes taeniorhynchus (Wied.). 
Bull. Entomol. Res. 58: 811-827. 
Nayar, J. and Pierce, P. 1977. Utilization of energy 
reserves during survival after emergence in Florida 
mosquitoes. J. Med. Entomol. 146: 54-59. 
Nayar, J. and Sauerman, D. 1970. A comparative study of 
the growth and development in Florida mosquitoes. Part 
2. The effects of larval nurture on adult 
characteristics at emergence. J. Med. Entomol. 7: 
235-241. 
Nayar, J.K. and Van Handel, E. 1971. The fuel for 
sustained mosquito flight. J. Insect Physiol. 17: 
471-481. 
Nelson, D.R. 1969. Hydrocarbon synthesis in the American 
cockroach. Nature, London. 221: 854-855. 
Nelson, D.R. 1978. Long-chain methyl-branched 
hydrocarbons: occurence, biosynthesis and function. 
Adv. Insect Physiol. 13: 1-33. 
Nelson, D.R. and Carlson, D.A. 1986. Cuticular 
hydrocarbons of the tsetse flies Glossina morsitans 
morsitans, Glossina austeni, and Glossina pallidipes. 
Insect Biochem. 16: 403-416. 
Nelson, D.R., Carlson, D.A., and Fatland, C.L. 1988. 
Cuticular hydrocarbons of tsetse flies. II. Glossina 
fuscipes fuscipes, Glossina palpalis palpalis, Glossina 
palpalis gambiensis, Glossina tachinoides, and Glossina 
brevipalpis. J. Chem. Ecol. 14: 963-987. 
169 
1981. Nelson, D.R., Dillwith, J.W., and Blomquist, G.J. 
Cuticular hydrocarbons of the housefly, Musca 
domestica. Insect Biochem. 11: 187-197. 
Omer, S.M. 1970. Responses of females of Anopheles 
arabiensis and Culex plpiens fatlgans to air currents, 
carbon dioxide and human hands in a flight—tunnel. 
Entomol. Exp. Appl. 26: 142-151. 
Oxford, G.S. and Rollinson, D. (eds.). 1983. Protein 
Polymorphism: Adaptive and Taxonomic Significance. 
Academic Press, London. 
Patrican, L. and DeFoliart, G. 1985. Lack of adverse 
effect of transovarially acquired Lacrosse virus 
infection on the reproductive capacity of Aedes 
triserlatus. J. Med. Entomol. 22: 604-611. 
Phillips, A., Walsh, J.F., Garms, R., Molyneux, D.H. , 
Milligan, P., and Ibrahim, G. 1985. Identification of 
adults of the Simulium damnosum complex using 
hydrocarbon analysis. Trop. Med. Parasitol. 36: 97- 
101. 
Polunin, I. 1953. The medical natural history of Malayan 
aborigines. Med. J. Malaya. 5: 320. 
Price, G.D., Smith, N., and Carlson, D.A. 1979. Attraction 
of female mosquitoes (Anopheles quadrimaculatus) to 
stored human emanations in conjunction with adjusted 
levels of relative humidity, temperature and carbon 
dioxide. J. Chem. Ecol. 5: 383-396. 
Puri, I.M. 1931. Larvae of anopheline mosquitoes, with 
full description of those of the Indian species. 
Indian Med. Res. Mem. 21: 1-227. 
Rattanarithikul, R. and Green, C.A. 1986. Formal 
recognition of the species of the Anopheles maculatus 
group (Diptera: Culicidae) occurring in Thailand, 
including the descriptions of two new species and a 
preliminary key to females. Mosq. Syst. 18: 246-278. 
Reid, J.A. 1961. The attraction of mosquitoes by human or 
animal baits in relation to the transmission of 
disease. Bull. Entomol. Res. 52: 43-62. 
Reid, J.A. 1968. Anopheline mosquitoes of Malaya and 
Borneo. Stud. Inst. Med. Res. Malaya. No. 31, 520 pp. 
170 
Reid, J.A. 1970. Systematics of malaria vectors: Anopheles 
systematics and malaria control, with special reference 
to Southeast Asia. Misc. Publ. Entomol. Soc. Am. 7: 
56-62. 
Reid, J.A., Wattal, B.L., and Peters, W. 1966. Notes on 
Anopheles maculatus and some related species. Bull. 
Indian Soc. Malar. Comm. Dis. 3: 185-197. 
Reisen, W. and Emory, R. 1977. Intraspecific competition 
in Anopheles stephensi. II. The effects of more crowded 
densities and addition of antibiotics. Can. Entomol. 
109: 1475-1480. 
Reisen, W. , Milby, M. , and Bock, M. 1984. The effects of 
immature stress on selected events in the life history 
of Culex tarsalis. Mosq. News. 44: 385-395. 
Roy, D.N. 1936. On the role of blood in ovulation in Aedes 
aegypti (L). Bull. Entomol. Res. 27: 423-429. 
Ryan, L. , Phillips, A., Milligan, P. , Lainson, R. , Molyneux, 
D.H., and Shaw, J.J. 1986. Separation of female - 
Psychodopygus wellcomei and Psychodopygus complexus 
(Diptera: Psychodidae) by cuticular hydrocarbon 
analysis. Acta Tropica. 43: 85-89. 
Sandosham, A.A. 1965. Malariolocrv with Special Reference 
to Malaya. Univ. Malaya Press, Singapore. 
Service, M.W. 1964. The attraction of mosquitoes by animal 
baits in the Northern Guinea Savannah of Nigeria. J 
Entomol. Soc. South Africa 27: 29-36. 
Service, M.W. 
Methods. 
1976« Mosquito Ecology; Field Sampling 
Halsted Press, New York. 
Sommerman, K.M. 1969. Blood meals and egg production of 
our species of Alaska Aedes in captivity (Diptera: 
Culicidae). Mosq. News. 29: 654-662. 
Takahashi M. 1976 The effects of environmental and 
oattern "S °f Cuie* tritaeniorhynchus on the 
t °f transmission of Japanese encephalitis virus 
J. Med. Entomol. 13: 275-284. us* 
Tartivita K. and Jackson, L.L. 1970. Cuticular Holds of 
BlTtfaSori' ?Y?r°CarTb0n? °f Leuc°Pheae maderae £nd Biatta orientalis. Lipids. 5: 35—37 
171 
Tempelis, C.H. 1970. Host preferences of mosquitoes. 
Proc. Pap. 38th Conf. Calif. Mosq. Cont. Assoc. pp.25 
28. 
Tempelis, C.H. 1975. Host-feeding patterns of mosquitoes, 
with a review of advances in analysis of blood meals by 
serology. J. Med. Entomol. 11: 635-653. 
Tempelis, C.H. and Lofy, M.F. 1963. A modified precipitin 
method for identification of mosquito blood meals. Am. 
J. Trop. Med. Hyg. 12: 825-831. 
Tempelis, C.H. and Rodrick, M.L. 1972. Passive 
haemagglutination inhibition technique for the 
identification of arthropod blood meals. Am. J. Trop. 
Med. Hyg. 21: 238-245. 
Tesh, R.B., Chaniotis, B.N., Aronson, M.D., and Johnson, 
K. M. 1971. Natural host preferences of Panamanian 
phlebotomine sandflies as determined by precipitin 
test. Am. J. Trop. Med. Hyg. 20: 150-156. 
Uebel, E.C., Schwarz, M., Menzer, R.E., and Miller, R.W. 
1978a. Mating stimulant pheromone and cuticular lipid 
constituents of Fannia pusio (Wiedemann) (Diptera: 
Musidae). J. Chem. Ecol. 4: 73-81. 
Uebel, E.C., Schwarz, M., Miller, R.W., and Menzer, R.E. 
1978b. Mating stimulant pheromone and cuticular lipid 
constituents of Fannia femoralis (Stein) (Diptera: 
Muscidae). J. Chem. Ecol. 4: 83-93. 
Uebel, E.C., Sonnet, P.L., Menzer, R.E., Miller, R.W., and 
Lusby, W.R. 1977. Mating-stimulant pheromone and 
cuticular lipid constituents of the little house fly, 
Fannia canicularis (L.). J. Chem. Ecol. 3: 269-278. 
Ungureanu, E. 1974. Population dynamics and age grading of 
mosquitoes. Bull. Wld. Hlth. Org. 50: 317-321. 
Upatham, E.S., Prasittisuk, C., Ratanatham, S., Green, C.A. , 
Rojanasunan, W., Setakana, P., Theerasilp, N., 
Tremongkol, A., Viyanant, V., Pantuwatana, S., and 
Andre, R.G. 1988. Bionomics of Anophsles maculatus 
complex and their role in malaria transmission in 
Thailand. Southeast Asian J. Trop. Med. Pub. Hlth. 
19: 259-269. 
Van den Heuvel, M.J. 1963. The effect of rearing 
temperature on the wing length, thorax length, leg 
length and ovariole number of the adult mosquito, Aedes 
aegypti (L.). Trans. Roy. Entomol. Soc. London. 
115:197-216. 
172 
Van Handel, E. 1965. The obese mosquito. J. Physiol. 
181: 478-486. 
Walker, E. , Copeland, R. , Paulson, S., and Munstermann, L. 
1987. Adult survivorship, population density, and body 
size in sympatric populations of Aedes trlserlatus and 
Aedes bendersoni. J. Med. Entomol. 24: 485-493. 
Wallace, R.B. 1948. Insecticides and Anopheles maculatus. 
Med. J. Malaya. 3: 5-33. 
Washino, R.K. and Tempelis, C.H. 1983. Mosquito host blood 
meal identification: methodoloqy and data analysis. 
Ann. Rev. Entomol. 28: 179-201. 
Weitz, B. 1956. Identification of blood meals of blood¬ 
sucking arthropods. Bull. Wld. Hlth. Org. 15: 473— 
490. 
Weitz, B. 1960. Feeding habits of blood-sucking 
arthropods. Exp. Parasitol. 9: 63-82. 
Weitz, B. 1963. The feeding habits of Glossina. Bull. 
Wld. Hlth. Org. 28: 711-729. 
Wharton, R.H. 1950. Daytime resting places of Anopheles 
maculatus and other anophelines in Malaya, with results 
of precipitin tests. Ann. Trop. Med. Parasitol. 4: 
260. 
Wharton, R.H. 1951. The habits of adult mosquitoes in 
Malaya. I. Observations on anophelines in window-trap 
huts and at cattle-sheds. Ann. Trop. Med. Parasitol. 
45: 141-154. 
Wharton, R.H. 1953. The habits of adult mosquitoes in 
Malaya. III. Feeding preferences of anophelines. Ann. 
Trop. Med. Parasitol. 47: 272-284. 
Wharton, R.H., Laing, A.B.G., and Cheong, W.H. 1963. 
Studies on the distribution and transmission of malaria 
and filariasis among aborigines in Malaya. Ann. Trop. 
Med. Parasitol. 57: 235-254. 
World Health Organization and Lister Institute of Preventive 
Medicine. 1960. A study of the blood-feeding patterns 
of Anopheles mosquitoes through precipitin tests: 
results of collaborative work for the period 1955-59 
and their application to malaria eradication 
programmes. Bull. Wld. Hlth. Org. 22: 685-720. 
Wright, C.A. (ed.) 1974. Biochemical and Immunological 
Taxonomy of Animals. Academic Press, London. 
173 


